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IV PREFACE. 

^* Is more general. And if no exception oc-t 
** cur from Pbc^nomena^ the concluiion may 
*' be pronounced generally. But if at any 
^^ time afterwards, any exceptions (hall occur 
^* from experiments, it may then be pro- 
^* nounCed with fuch exceptions as fh^ill occur. 
*^ By this way oi Analyjisy we may proceed 
^* from compounds to ingredients, and froni 
*' motions to the forces producing them; 
^* and in general from efFedts to their caufes, 
" and from particular caufes to more general 
** ones, till the argument ends in the mofl 
. •* general. T^^^s is the method oi Analyjis,^ 
*' And the Syntbefis confifts in afluming the 
f* caufes difcovered, and eftabliflied as prin- 
" ciples, and by them explaining the Phce^ 
*' nomena proceeding from them, and proving 
** the explanations.*' 

His Rules of Philofophizing, delivered ij) 
his Principles'^ y are thefe four, 

R U L E I. 

^' More caufes of natural things are not to be 

" admitted^ tban are botb true and fufficient fot^ 
*' explaining their phenomena. 

** Thus Philofophers fay; nature does no- 
*' thing in vain, and in vain that is done by 
^^ more caufes, which can be done by fewer. 
'^ For. nature is fimple, and delights not in 
f' fuperfluous caufes of things.** 

* Philof. Natur. Priricip. Mathemat. p. 387. 

RULE 
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P'k E I? A C ^. 
R U L E 11. 

** Of natural effeSls therefore of the famt 
** iznd the fame caufes are to be ajjigned^ asfdf 
*' as it can be done. 

** As of refpiration in a mah atid in i 

•* beaftj of the defcent of ftones in Europe 

•** and in America i of light in a culinary fire 

*' and in the fun ; of the reflexion of light in 

^* the earth and in the planets.'* 

RULE IIL 

** The qualities of bodies which cannot be 

** increafed and diminijhed^ and which agree 

^* to all bodies in which eicpertments can be 

•* made^ are to be reckoned as qualities of aU 

** bodies whatfoever. 

** For the qualities of bodies are not known 

** but by experiments; and therefore, as ma- 

/* ny are to be reckoned general as generally 

** agree with experiments, and thofe which 

.** cannot be diminifhed cannot be taken 

^* away. Certainly dreams are not to be de- 

** vifed at pleafure contrary to the tenor of 

** experiments; nor mufl we depart from the 

*^ analogy of nature, fince fhe is wont to be 

** fimple, arxd ahyays confonant to herfelf. 

** The extenfion of bodies is not known but 

** by the fenfes, nor is it perceived in all bo- 

/* dies: but becaufe it agrees to all bodies 

*^ which are perceivable, it is affirmed of all 

A3 ** what- 
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vi PREFACE- 

" whatfoever. Wc experience many bodies 
^* to be hard. But the hardnefs of the wbole 
^^ arifes from the hardnefs of the parts^ and 
** thence with good reafoa wc conclude the 
** undivided parts not only of thofe bodied 
** which are perceived, but alfo of all others, 
^* to. be hard. We gather all bodies to be 
^[ impenetrable, not by reafon, but by fenfe. 
*' We find the bodies we handle to be im- 
*' penetrable, and thence conclude impene- 
" trability to be a property of all bodies what- 
- ** foever. That all bodies are moveable, and 
** by certain forces (which I call vires iner" 
** tta) perfevere in motion or reft, we gather 
*^ from thefe fame properties in bodies whicli 
^' are feen. Extenfion, hardneis, impcnetra- 
*' bility, mobility, and vis inertia of the 
^' whole, arife from the extenfion, hardnefs, 
" impenetrability, mobility, and vis inertia 
** of the parts; and thence we conclude that 
^' all the leaft parts of all bodies are extend- 
** ed, and hard, and impenetrable, and move- 
" able, and endued with vires inertia. And 
*• this is the foundation of all Philofophy. 
** Farther we know from the Phcenomena^ that 
" the parts of bodies which are divided 
^' and mutually contiguous to one another, 
" may be feparated from one another; and it 
*^ is certain from mathematicks, that the un- 
** divided parts may by reafon be diftin- 
5 " guilhed 
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P R E F A C Ei /vii 

*' gulfhcd into lefs parts. But whether thofe 
•* parts diftinda, and not yet divided, can 
by the powers of nature be divided an4 
feparated from one anothpr^ is uncertain. 
But if it fhould appear, even by one fingle 
experinient, that by breaking a hard and 
folid body, any undivided particle fiifFered 
a diviiiori ; we might conclude by the 
force of this Rule, that not only the di- 
vided parts were feparable^ but that the un- 
** divided parts might be divided in infinitum. 

*' Lajffyr if it be uiiiverfajly evident by - 
** cxpcrina0hts and aftronomical obfervatioiis^ 
^^ that all bodies round the earth gravitate 
^^ towards the earthy and that in proportion 
^^ to the quantity of matter in each^ and that 
^* the tnoori gravitates towards the earfh ii> 
** proportion to its quantity of matter, and in 
** like manner our fea gravitates towards the 
** moon, and that all the plitiets mutually 
•* gravitate towards one another^ and that 
•' there is a fimilar gravity of comets to- 
'* wards the fun; we muft pronounce by 
" this Rule, that all bodies gravitate mutu- 
** ally towards one another. F6r the argu-^ 
*• ment from the Fhanomem will be ftronger 
*^ for an univerfal gravity, than for the impc- 
*^ netrability of bodies, concerning which kt 
.^* the heavenly bodies we have no experiment, 
** no obfervation at all." 

A4 RULE 
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riii PRE F A C E; 

R U L E IV. 

^^ In experimental Pbilofophy propqfitioni 
*' colleSted from the Phaenomena by induSlion 
^^ are to be deemed ^ notwithjlanding contrary 
f* Hypothefes, either accurately or very nearly 
** true^ till other Phaenomena occur y by which 
*^ they may be rendered either more accurate 
^^ or liable to exceptions. 

*^ This ought to be done, left arguments of 
'** induftion fhould be deftroyed by Hypothefes. '[ 

\ This Method and thefe Rules, have bieen 
carefully obferved by our Author in theft 
Lectures; which, from the cleamefs and 
diiFufivenefs of the ftile, and the eafy and 
juft manner of reafoning, are, in: my opinio 
on, bettet fitted for the inftruftion of youth, 
than any thing which I have feen on this 
fubje<a. 

I have added a few Problems by way of 
Appendix. 
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( I ) 

LECTURE I. 

Op attraction* 



AS Natural Philofophy is a fcicnce in its own 
Daturc entertatning and delightful, and 
withal tonduciirc in many inftances to the 
cafe and convenience of iifc; it is not to be won*, 
dcred that there have been men in all ages who 
have laid themfdves out in the improvement and 
cukivxKion of it^ fiut it is a matter of no fmall 
furprize to think how inconfidecahle a progrefs the 
knowledge of natare had made in former ages^ 
when compared with the vaft improvements it 
has received from the numberlefs difcoveries of la- 
ter tiroes ; infomuch^ that fomc of the branches 
of natural philofophy, which at this day is almoft 
compleat in all its panes, were utterly unknown 
before the laft century. If we look into the rea- 
fon of this, we &all find it to be chiefly owing to 
the wrong meafures that were taken by philofo- 
phcrs of former ages in their purfuits after natural 
knowledge; for they difregarding experiments, the 
only fure foundation whereon to build a rational 
philofophy, bufied therafelves in framing hypo^ 
thefes, for the folution of natural appearances, 
which as they were creatures of the brain, without 
any foundation in nature, were generally fpeak- 
ing fo lame and defective, as in many cafes not to 
anfwer thofe very phainomena for whofe fakes they 
had been contrived. Whereas the philofophers oi 
later times, laying afide thofe falfe lights, as being 
of no other ufe than to mifguide the underftanding 

in 
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Of ATtRAerlC)^. 

in its fearches int;o nature, betook themfelvcs td 
experiments and obfervations ; and from thenca^ 
collefted ihe general powers and laws of natures 
which with a proper application, and the afEftancfi 
of mathematical learning, enabled them to account 
for mod of the properties and operations of bodies; 
and to folve many difficulties in the natural ap- 
pearances, which were utterly inexplicable on the 
foot of hypothefes. By this means has natural phi-* 
lofophy within the compafs of one century been 
, - ^ brought out of the greateft darknefs and o^bfciirity 
into the cleared light', and this has been chiefly 
bwing to the unparalleled abilities, and indefatiga- 
ble induftry of that great and accurate philofopher 
Sir Isaac Newton ; who to his great honour has 
in his principles of natural philofophy, and his in-^ 
comparable treatife of light and colours, cleared 
hiore difficulties, and difclofed more and more im- 
portant truths relating to nature, than are to be met 
with in the voluminous writings of all that went 
before him* To illuftrate fome of thefe truths by 
experiments is the defign of this courfe, which con^ 
fifts of four parts. In the firft arc confidered folid 
bodies and their properties. In the fecond water 
and watery fluids. In the third the elaftic fluid of 
air. And in the lafl: the fubtile fluid of light; But 
before I proceed to thefe particulars, it will be ne- 
cefl!ary to fay fomething concerning certain prin- 
ciples, forces, or powers, wherewith all parts of 
matter of what kind foever, fo far as experience 
reaches, feem to be endued; and whereby they aft 
upon one another for producing a great part of the 
phasnomena of nature. 

* Such is firfl: that power whereby the minute par- 
ticles of matter do in fotne circumftances tend to- 
wards one another, which is commonly called at- 
traftionj the caufe whereof is in a great meafure 
unknown, tho' the thing icfelf is manifeft from ex- 
Bxp. I. .periments# For if two 'poliflied plates of brafs be 

laid 



Digitized by V3OOQIC 




Op attraction. 

}aid one upon another, having their contiguous fides 
fmeared with oil, they will cohere in vacuo^ and 
with fuch firrnnefs, that when they are fufpended, 
jhc force of gravity in the lower plate will npc 
fufEce to feparate ;jtnd pull them afunder. 

That the cohefion pf thefe places is to be attri-? 
jbuted to the mutual attraftions of their contiguous 
parts, cannot I think admit of a doubt, fince the 
preflbre of the outward air on their external fur? 
faces, (to whofe force this efFeft might otherwifq 
have been attributed) is in this cafe taken off- 

The uf(? of the oil is to fill up the minute cavi- 
ties in the furfaces, and by fo doing to prevent the 
Jodgment of air between the plates-, which upon 
the removal of the outward air would expand itfelf 
by rcafon of its elafticity^ and thereby force the 
plates afunder. 

The forementioned attraftion is in like manner 
collefted from the following experiments. 
i If two plane polilhed plates of glafs be laid toge- -^^ 
ther, fo that their fides be parallel, and at a very 
fmall djftance .from one another ; and their, lower 
edges be dipped in water; the water will rife up 
Jbetween them, and the kfs the diftance of the 
glafles is, the greater will the height be to which 
the water rifes. If the diftance be about the hun- 
dredth part of an inch, it will rife to the height of 
pbout an inch \ and if the diftance be greater or le(s 
in any proportion, the height will be regiprocally 
proportional to the diftance very nearly. 

The reafon why the water afcends between th^ 
plates is, that thofe parts of the furfaces of the 
glaffcs which lye next above the furface of the wa- 
ter, and are contiguous thereto, attrad the water, 
and by that means caufe it to afcend; and this 
^fcent continues till the weight of the elevated 
water becomes equal to the force of the attracting 
iurfaces, and then the motion ceafes, the water 
fp^ding a$ mych 4ow^rward by the force pf its owq 

gravity. 
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gravity,, as it doth upward by the ittraftkm of th^ 

glafles, ' ^ 

The reafon why the water fifes to heiglits which 
arc inverffy as the diftan^es of the glafies, is this : 
the abfolute attra^ive force of the glaffes, whereby 
the water is i*aifcd> continues tmvaned whatever be 
the diftance of the glafles ; for the height and length 
of the glafs furfaces, whofe attraftions influence the 
afcent of the water, are always the fame, and con* 
fequently the attraftive force nnfuft be fa too; and 

' for that realbn will conftantly fupport the fame 

weight of water ; but the quantity and coniequently 
the weight of the elevated water will always be the 
fame, if its height be reciprocally as its bafe, that 
is, in this cafe, as the diftance of the plates ; for the 
lengt4> of the bafe being eqi^al to the length of 
the plates, it continues unvaried ; and therefore the 
bafe will ever be as its brcadch, that is, as the in- 
terval between the plates* 

Eagpi J. If the glafs plates inftead of being fet parallel to 
one another, be made to meet at one of their ends. 
and kept at a little diftance at the other; andtheir 
fowcr edges be then dipped in water, fpiric <rf* 
wine, or any other convenient liquor; the inward 
fides of the plates being firft nK>iftened with a 
clean cloth dipped in the liquor; the liquor wiH 
rife between the plates; and the upper furface erf' 
the elevated liquor will form a curve, the heights of 
whofe feveral points above the furface of the ftag- 
nating liquor will be to one another reciprocally as 
their perpendicular diftances from the concourfe of 
Fig. t. the plates. For the illuftration of which, let AE be 
, the furface of the ftagnating liquor wherein the lower 
edges of the plates are immerfed, AH the concourfe 
of the plates, and F, G, I, K, L the curve formed 
by the furface of the elevated liquor ; from any 

!)oints in the curve as G, I, K, L taken at pleafure, 
et fall the right lines GB, IG, KD, LE perpen- 
dicular to AE, and thofc lines will exprcfc the 

heights 
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heights of the refpeftive points of the curve above 
thefurface of the ftagnant liquor ; wKilft AB, AC, 
AD, AE denote the perpendicular diftanccs of the 
fame points froni the concourfe X)f theglafles ; now 
tWe heights and diftances are to one another in a 
rtciprocal proportion : for if we fiippofe the lines 
GB, IC, KD, LE to be fo many pillars of liquor 
cottfiffing of four fides, two of which arc terminat- 
ed by the plates, and the other two by the conti- 
guous liquor ; and if thofe fides which lye next th^ 
plates be of an equal but exceedingly fmall breadth 
in all the pillars, then will the attrafting furfaces of 
the plates which fupport thofe pillars be likcwifc 
equal, and confequently the quantities fupported^ 
that is, the pillars muft be fo too* But in order to 
have them equal, their heights mufl: be reciprocally 
proportional to tl^eir bafes ; which bafes iriafmuch 
as they are fuppofed to be equally broad muft be 
as their lengths, that is, as the intervals between 
the glaflcs in thofe parts where the pillars are taken; 
and therefore the heights of the pillars muft be re- 
ciprocally as the intervals between the plates ; but 
from the nature of fimilar triangles the intervals 
between the glafles at different diftances from the 
concourfe are to one another diredly as thofe dif- 
tances; whence it follows, that the heights of the 
pillars are to one another reciprocally as their re- 
fpeftive diftances from the concourfe of the plates; 
that is, if GB be double of IC, then is AC double 
of AB. 

From what has been faid it is plain that the 
curve formed by the upper furface of the elevated 
liquor muft be an hyperbola; for from the nature 
of the hyperbola the external ordinates are recipro- 
cally as the abfciflae 5 wherefore if AB, AC, AD, 
AE be taken for the abfcifl^as ; then will B G, CI, 
PK, EL, be the refpedlive ordinates ; and confe- 
quently the curve which paflTes through the points 
Qi I, K, L 13 an hyperbola. 

As 
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Lect* As water or any other proper fluid afccnds be* 

I- tween poliftied plates of glafs by the force of their 

^"~*^ attraftions; fo docs it likewifcin flender pipes of gjafs 

^' ^' open at both ends i for if fuch tubes be dipped at 

one end into water, fpirit of wine, or any other 

convenient fluid, the liqupr will rife within the pipes^ 

to a confiderable heigh^^ and this experiment (as 

alfo thofe before made) fucceeds in the very fame 

manner in vacuo* as in the open air, for the liquor 

conftantly afcends to the fame height in both. 

That the afccnt of liquor in thefe fmall tubes, 
as aUb between poliflied plates of glafs, is to be at- 
tributed to fome power in. the glafs ftrongly afting 
on the liquor, and no; to the prefTure either of the 
ftagnating liquor or incumbent atmofphcre, is evi- 
dent from this confideration ; that as much of tbq 
liquor remains fufpended in the pipes, and between 
the plates, when they are Ufted out of the ftagnat- 
ing fluid, either in vacuo or the open air,, as was 
elevated above the furface of the fluid, while they 
were immerfed therein: and therefore whatever caufe 
concurred to the elevating of the liauor while the 
plates and pipes were therein imqierfea, and cxpofed 
to the air; the fame contributes as powerfully to keep 
it up, when the ftagnating liquor is removed, and 
the preflure of the atmofphere taken oflT, and confer 
quently muft be fome power inherent in the glafs. 
The heights to which the liquor rifcs in flender 
pipps, are to one another reciprocally as the diame- 
ters. For the power which raifes the liquor in a flen- 
der pipe, being the fittraftiye force of that part only 
of the internal concave furface whjqh lies nexp 
' above the liquor, and conftitutes airing of an inde- 
i&nitely fmall height, which height is ever the fame 
whatever be the diameter of the ring, becaufe the 
diftancc to which the attraftive force of glafs 
reaches is unvaried-, and the attractive force of fuch 
an annular furface being as the number of attrafting 
^arts whereof it is compofed, that is, as the furface^ 

' Whic:t\ 
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which becaufe its height is given is as the periphc- 1#ect. 

2^ that is, as the diameter, the attraftive force of ^ I^ 
C pipe muft be as the diameten Wherefore if in 
co^npariog the forces of two fuch pipes we make 
F to denote the attraftive force of the larger, and f 
the attra^ive force of the fmaller, and alfo D and 
d CO denote their diameters ; we fball h^ve this ana* 
logy, viz. F : f : : D : d, that is, the force of th^ 
larger pipe is to that of the fmaller as the diame- 
ter of the larger to the diameter of the fmaller : 
but theie forces are likewife to one another in the 
fame ratid with the quantities of liquor which they 
keep fufpended -, for they continue to elevate the li- 
quor till fuch time as the weights, and cpnfequently 
the quantities of liquor drawn upt become a balance 
to the attrafting forces. Wherefore if H be put 
for the height of the liquor in the pipe, whofe dia* 
meter is P, and h for its height in the pipe whofe 
diameter is d ; then will H multiplied into the fquare 
of D be as the quantity of liquor in the larger pipe 5 
and h multiplied into the fquare of d as the quan- 
tity of liquor in the frftaller pipe; whence we have 
this fecond analogy F : f 5 : H x D* : h x d*; and 
by fqbftituting D and d in the room of F and f, 
to which they are proportional, as appears from 
the firft analogy, we ftiall have D : d : : HD* : hd*-, 
and then multiplying extreams and means, and 
throwing off fimilar quantities, we (hall have 
HD^ihd, and by refolving this equation into an 
analogy, we Ihall have H s h : ; d : D, that is, the 
height to which the liquor rifes ija the larger pipe is 
10 the height to which it rifes in the fmaller, as 
the diameter of the fmaller pipe to that of the larger; 
ib that the heights of the liquor are reciprocally 
proportional to the diameters of the pipes. 

By virtue of this attraftive force, wherewith fmall 
pipes are endued, plants receive nouriftiment from 
the earth; the flender tubes whereof their roots arc 
fompofedf fucking in various juices according to 

B - their 
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their different natures and conftitiitions. From' the 
lame attradlive force it is that fponges take in wa- 
ter; and that water afcends in loaf fugar, when 
any part of it is dipped therein -, thofe parts of th? 
fugar which lie next above the water ^ttrafting, 
and thereby railing the fame. And here it muft 
be obferved that the water rjfes by the aftion of 
thofe particles alone which are contiguous to, an4 
lie nejft above the furface of the elevated water; 
thofe particles which are at any the leaft fcnfiblc 
diftance above the water being too far removed to 
influence the water by their attraftions : and what 
has been thus obferved of fugar, is likewife true of 
poliflied plates, flender pipes, and every other at- 
tracting body, by virtue of whofc attraftions fluids 
are raifed. For if thofe parts of attraAing fur- 
faces which are at any fenfible diftance above the 
furface of the fluid, do in any meafure contribute 
to the afcent -, it is evident that the fluid ceteris pa- 
ribus muft rife to a greater height when the attraft- 
jng furfaces are continued to a confiderable height 
above the elevated fluid, than when they terminate 
"at a very little diftance above the fatpe. But the 

|ixp. 5, contrary appears from experiment. For if two po- 
lifhed plates of glafs fet parallel to one another at 
the diftance of about the hundredth part of an inch, 
be immerfed in water fo far that only an inch and 
one tenth be lufFered to remain above the water, 
the water will rife up between them to the height 
of about an inch-, and if the furface of the flag* 
nating water be then deprefled by drawing off 
ibme of the water, the elevated water will likewife 
defcend between the plates fo as ftill to preferve the 
height of about an inch and no more. 

Exp. 6. If a polilhed plate of glafs be laid parallel to the 
horizon, and another plate of the fame kind be laid 
thereon, fo ^s that they may touch at one of their 
ends, and be kept at a very fmall diilance at the 
other: being firft moiftened on their inward fides 
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with a' clean cloth or feather dipped in oil of Lect. 
oranges ; and if a drop of the oil be placed be- ^ ^• 
tween the plates at that end where they are at fome 
diftance from each other, fo as that it may be touch- 
ed by both the plates, it will begin to move to- 
wards the concoiirfe of the glafles, and will continue 
to go on with an accelerated motion till it arriveis 
at the concourfe. And^ if during the motion of the 
drop, that end of the glafTes where they meet, and 
towards which the drop moves, be lifted up, the 
drop will neverthelefs continue its motion, and of 
confequence muft be attracted ; but as the end of 
the glafles is raifed higher and higher, the drop will 
afcend more and more flowly, till at laft upon a 
certain elevation of the plates the motion ceafes, thd 
gravity of the drop, wherewith it tends downward, 
becoming equal to the attractive force which draws 
it upward ; as appears from this, that upon giving 
the plates the Icaft degree of elevation beyond what 
is neceflary to flop the drop, it ftraightway^ begins 
to defcend, its gravity in fhat cafe overcoming thp 
attraftion. 

By the help of this phsenomenon the force may 
be determined, wherewith the drop is attrafted at 
all diftances from the concourfe of the glafles. For 
that part of a body's gravity whereby it is carried 
down an inclined plane, is to its abfolute weight, 
as the finp of the angle of the plane's elevation, to 
the Radivis^ or as the perpendicular height of the 
plane to the length thereof; and therefore may be 
denoted by the' perpendicular height applied to the 
length •, and where the length of the plane is given, 
that force will be every where as the fines of the 
angles of elevation, or the perpendicular altitudes 
of the plane ; as fhall be made appear when I come 
to treat of the defcent of bodies on inclined planes. 
If therefore the fines of fuch elevations of the plated 
as are neceflfary to fl:op the motion of the drop, be 
taken at- two different difl:ances of the drop front 

B 2 the 
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the concourfe of the plates ; thofc fines will de« 
note the refpeftiyc gravities of the drop, and CQn» 
fequcntly the attraftive forces, wherewith the plates 
aft upon the drop at each t)f thofe diftances. Thus 
for inftance, if the diftances of the drop frona 
the concourfe of the glailes be as ojie and two i 
and the fine of the cfevation neccflary to ftop the 
motion of the drop when at the fnialler diftance be 
9& four, and when at the greater diftance as one ; the 
gravity of the drop, wherewith it endeavours to de- 
fcend at the foren^ntioncd diftances of one and twot 
will be is four and one. For the iUuflxation of 

Fig. 2. which, let AB and AC reprefcnt the plates at dif- 
ferent elevations i F and G the places where the 
drop ftands upon thofc elevations ; then will BD 
and C E denote the forces of gravity wherewith 
the drop endeavours to defcend along the plates in 
the points F and G, which forces are equal to the 
attradions of the gUfTes in thofe points ; and if 
BF and CG the diftances of the drop from the 
concourfe of the plates be as one and two, and 
3D and C£ as four and one ; then is the at- 
tradiye power wherewith the glafles aft upon the 
drop at F, to thp force wherewith they a6t upon 
it at G, as four to one^ that is, reciprocally as the 
fquares of the diftances of the drop from the con- 
courfe of the glaffcs j ^nd this is nearly the cafe, 

P^p. ^r as^will appear from the ejcperiment. 

Tho' the drop be attrafted by forces that are iq 
$he reciprocal duplicate ratio of the diftances of 
the drop from the concourfe of the ^laflis ; yet arc 
the attraftions within the fame quantities of attraft-r 
ing fiirface in the fcciprocjiJ fimple ratio only of 
thofe diftances : for as the drop nioves towards the 
concourfe of the glaffcs, it muft fpread and touch 
each glafs in a larger furface \ and this fpreading i^ 
always proportional to the leflcning of the interv^ 
between the glaffcs \ and of confequence from the 
nature pf fimilar triangles, it is like wife proportional 
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to the dittinutbn of the diA^tice from tH& eoneourre. 
So A\2a: the hrct which adts upon the drop is in- 
cfcafed as, the drap s^proAthes the coneourfe in the 
fimpie reciprocal ratio bf the diftaace, oh account 
of the irfargenietlt of the attracting furface ^n that 
proportion ^ and therefore in a given quantity of 
attra^ing furface the force rtiuft be in the reciprocal 
fimple ratio of the diftance from the concourfe i 
that is to fay, any given portion of the glafs fur- 
faces taken at the diftance of one inch from their 
concourfe muft aft with twice the force that it does 
at the diftance of two inches, and with thrice the 
force that it does at the diftance of three inches, and 
fo on. Hence it wiH be found that the attraftivc 
force of one and the fame (lender pipe of a conical 
figure is given; or in other words, that the at- 
traftive force wherewith a conical pipe is indued 
at any one diftance from the vertex of the cone, 
is equal to the attraftive force of the fame at any 
other diftance from the vertex ; fo that the at- 
traftive force of a conical pipe is in every part 
equal throughout the whole length of the pipe, 
and may be exprefled by the diameter of a circular 
fcftion of the pipe taken at any diftance from the 
vertex, applied to that diftance. For the attrac- 
tion ht any part of iuch a pipe, is as the quantity 
of attracting furface. in that part multiplied into 
the abfolute force ; but the quantity of attrafting 
furface in any part is as the diameter of that part, and 
the abfolute force is reciprocally as the diftance from 
the vertex-, wherefore if A be put to denote thediftancc 
of any part from the vertex and JD the diameter, 

-r- will exprcfs the attra<Sion of that part; but from 

the nature of fimilar triangles the. diameters of tie 
circular feftions of a cone taken at different difr 
tfinccs from the vertex are to one another as the dif- 

tonces, confequently -r- is a ftanding quantity. 

B 3 Wherefore 
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Wherefore fince the attraftive ferce in every part of > 
a conical tube is denoted by a quantity which is in-^ 
variable, it follows that the force is fo too; fo that 
in this refpeft conical pipes do not differ fronri thole 
of a cylindrical form-, but herein .lies the difference, 
that in very (lender pipes where the diameters are 
equal, the attraftions of fuch as are conical do far 
furpafs the attraftions of thofe which are cylindri- 
cal* And indeed fo exceeding great does this at- 
tradive force become with refpedl to the qyantity of 
attraftingfurfacein that part of a conical pipe, where 
the diameter is but one part of an inch divided into 
ten millions (if fuch minutenefs may be fuppofed) 
that if the attraftion of a cylindrical tube, whofe 
diameter is an inch, were as great with refpedt to 
hs quantity of attrafting furface, it would be able 
to fupport a column of water an inch in diameter 
and upwards of three miles in height. For let us 
fuppofe a conical tube whofe bafe is an inch in dia- 
meter to be continued till the diameter, is fo fa:r dimi- 
nifhed as to equal only one part of an inch divided 
into teii millions ; it is evident from what was juft 
now faid, that the whole attraftive force of fjLiQh. a 
pipe where its diameter is an inch, is equal to the 
whole attradlive force of the fame, where the dia- 
meter is but the ten millioneth part of an inch; con- 
fequently if a portion of the larger attr^fting furface 
be taken equal to the fmaller attracting furface, 
the force of that will be to the force of this, as the 
force of the fmaller furface divided by the number 
of parts in the larger furface, to the force of the 
fmaller furface, that is, as one divided by ten mil- 
Jions to one. If therefore a conical, or indeed a 
cylindrkal tube an inch in diameter (for where the 
diameter is fo large there is fcarcely any difference) 
tvas indued with an attraftive force as great in pro- 
portion to its quantity of attradling furface, as is a 
conical tube of the ten millioneth part of an inch in 
diameter, its force would be ten millions of timea 

greater 
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greater than it is j and of confequence, would raife 
the water ten millions of times higher than it doth 
at prefent : but it has been found by experience 
that in a cylindrical tube of an inch in diameter, the 
water will rife to the height of about the fiftieth 
part of an inch, and therefore if the force by which 
it rifes was augmented in the forementioned pro- 
portion, it muft rife to the height of two hundred 
thoufand inches, which being divided by fixty-three 
thoufand three hundred and fixty, the number olf 
inches in a milej gives three and a little more in 
the quotient; 

The quantities of liquor fupported by the attrac-* 
tions of flender conical pipes are to one another, as 
the diameters of the little circular furfaces of the ele- 
vated liquor, applied to the refpeftive diftances o^ 
the fame circular furfaces from the vertices, of , the 
fcveral cones whereof the pipes are portions. For 
it has been proved that the attraftive forces of coni- 
cal pipes are as thofe quantities ; and therefore the 
weights which they fupport muft be fo too. Hence 
it follows that the jefs the proportion is, which, the 
diftance of the elevated liquor's furfaec from the 
vertex of the cone bears to the diameter of the 
far^ic furface, or, which amounts to the fame thing, 
the fafter the fides of the pipe converge, the ftronger 
is its attradive force, and the greater the quantity of 
liquor which is fupported. 

The firm union and ftrong cohefion of the parti- 
cles of fotid bodies feems to arife from this force, 
wherewitli they mutually attrad each other ; which 
as it appears to be exceeding ftrong in the imme- 
diate contafi: of the particles, fo is it found by ex- 
f)erience to reach but a very little way beyond the 
ame with any fenfible efFeft. At very fmall dif- 
tances indeed it is fufficient to raife up liquors, as 
alfo to produce the many odd and furprizing appear- 
ances which are to be met with in chymical opera- 
tions, and which without the afiiftance of this and 
B 4 fome 
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fome other principles, which I fhall hereafter have 
occaGon to mention, aft utterly inexplicable. For 
want of a due knowledge of thefe powers chytntfts 
have fallen into grofs rtiiftakes and abfttrdities in 
their reafonings. Thus, for inftance, fome who were 
tinacquaintcd with the principle of attraftion, have 
attemptied to give a reafon for the floating of the 
minute particles of folid bodits in mcnftruums fpe- 
cifically lighter than themfclves *, by faying that there 
is an inteftine motion in the parts of the mcnftruums, 
by virtue whereof the particles of the folid bodies 
are driven perpetually from place to place, and by 
that means are kept from falling : not confidering 
that Sir IsaacJ Newton has demonftrated in the 
nineteenth propofition of the fecond book of his 
I'rinciples,that fluids have not naturally any inteftine 
motioti; but that, fetting aflde all external caufes of 
motion, the particles of fluids are as perfedly at reft 
as thofe of folid bodies. There is inaeed during the 
time of the folution a cohfiderable motion; but as 
this is occafioned by the mutual attraftion between 
the menftruum and the body, by means of which 
attraftion the parts of the fluid are driven with great 
force between the parts of the folid, fo as to loofeil 
and divide them one from another ; as foon as the 
folution is over, th? motion ceafcs, and all the patti 
are at reft again, and the particles of the diflblved 
body are kept fufpcnded by their clofe adhefion to 
the parts of the menftruum, and not by any imagi- 
nary motion, wherewith they are to^ed to and tto 
in the manner of a fliuttle-cock -, and m truth, could 
fuch an inteftine motion be allowed, as it muft be 
made m all manner of direftions, it would be as 
apt, nay more apt, confidering the confpiring gravity 
of the particles, to precipitate and caft them down, 
than to raife and keep them up. 

Were it not befide my prefent purpofe, I could 
produce many more inftanccs of falfe reafonings in 
the writings of chymifts, occafioned by their ig- 
norance 
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ftdfittce cf tht tivit principles cf nfttur* ^ but a§ ^ 
ehyrniftry h at prcffem out cif my provincti 1 Ihall ^ - - 
reft comeitc^d with tik: fihgk inftance which I have 

LECTURE 11. 
Or Attraction. 

BAV ING in my fiwmtr Lefture proved from 
ttcpcriments, that thtre is a pbwcr irt nature 
!by the parts of matter, which arc bi*ought 
lb near as to touch, do in fome circumftanccs mu* 
ttially attradt each other ; I (hall now treat of fuch 
kinds of attradion as extend themfelves to confi* 
derable diftanCes beytxnd the point of contaft, and 
on that account afFcft the mind more ftrongly, fo 
as to cohvinc^ it more fully of the reality of fuch 
a principle. Of this kind is, Firft, that atiraftioti 
which obtains between glafs and glais. Secondly* 
that of elcdtricity. Tiiirdly, the atcraAion of mag- 
ttcdfm. And laftly, that of gravity ; of all which 
in their order. 

And firft, if a glafs bubble be fet to Boat on Exp. 
n^ter contained in ^ glafs veflel, at a fmall diftance 
from the fide of the velTel, it will froin a ftate of reft 
begin to move towards the fide ofthe veifel ; and 
its motion will be condnually accelerated, fo as to 
inake it upon its arrival at the fide of the veflel to 
ftrike the fame with fome force. 

Perhaps it njhy be thought that the motion of the 
bubble arifes from fome declivity in the water to- 
wards the fides of the veflel : but whoever obferveS 
the furface of the water will find, that it rifes all about 
the fides of the glafs, fo as to become of a concave 
figure, and for that reafon may retard, but can by 
no means promote the morion of the bubble *, and 
this rifing of the liquor about the fides of the veflel 
is to be attributed to the fame caufe with the motion 
of the bubble, namely, the attradion of the ghfs. 

The 
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The acceleration obfcrvaUe in thcj bubble's motiQiil 
arifes from two caufcs;/the firft is, the continuec^ 
and uninterrupted aftion of the attraiftive force of 
the glafs ; for if we fuppofe the time of the bul?-, 
ble's motion to be divided into a number of equal 
parts, as for inftance ten ; and if the attradlion of 
the glafs be fuppofed to make equal imprcflions on 
the bubble in each of thofe parts of time, it is plain 
^that whatever be the motion which is excited in the 
bubble by the impreflion of a^'-'-aftion in the firft 
portion of time, the fame will be doubled in the 
iecond, tripled in the third, and fo on continually 
thro' the feveral portions of time ; for the motion 
produced in the firft portion of time is not loft, and 
therefore by the addition of as much more in the 
fecond portion of time it becomes double, and in the 
third triple, and fo on. Now if inftead of ten parts 
we fuppofe the time of the motion to be divided 
into numberlefs parts indefinitely fmall, in each of 
which the attraftion of the glafs makes equal im-- 
prcfTions on the bubble, as before ; the motion will 
be continually accelerated, tho* the attraftive force 
of the glafs fhould continue the fame at all diftances 
of the bubble; but the attraftive force afts more 
ftrongly the nearer the bubble approaches, on which 
account the motion is more and more accelerated 
the nearer the bubble comes to the glafs. 

By eledtrical attradlion, I mean that kind of at^ 
traftion which is excited in bodies when their parts 
^re heated by friftion, and which dojch not difcover 
itfelf by any fenfible efFe6t when the bodies are 
cold. Of this fort are the attradive forces, which 
amber, rofin, fealing-wax, and indeed moft fulr 
phureous fubftances when heated by rubbing, have 
been found to exert towards chaff, feathers, gold-leaf, 
lamp-black, and many other light fubftances. But 
as the attraction of thefe bodies have fallen within 
the notice of vulgar eyes, I think it needlefs to make 
any experiment for the proof thereof; but choole 
3 rather 
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rather to lay before youfome experiments which 
plainly (hew this power to obtain in glafs, and that 
to a very notable degree, tho' it has not till of late 
been commonly obferved. And firft. 

If a cylindrical tube of flint glafs be rubbed 
brilkly with brown paper, or woollen cloth till it 
acquires fome degree of heat, and be then held near 
to fmall pieces of gold or brafs leaf; they will begin 
to move, and fome of them will fly towards the 
tube with great fwiftnefs, and fix themfclves upon 
It fo as to adhere thereto, being afted upon by the 
attraftive force of the glafs : whilft others during 
their afcent towards the tube, will before they can 
reach the fame, be driven backward with great vio- 
lence, as will likewife fome of thofe which touch 
the glafs, being afluated by another force very 
different from that of attraftion, which I Ihall en- 
deavour to explain to you hereafter. The hotter 
the tube is made by rubbing, the farther doth its 
power reach, fo as in fome cafes to aft upon the 
leaf at the diftance of a foot or more. 

This eleftrical attradtion of glafs doth in like 
manner appear from the following experiments. 

If over a globe of glafs fixed on an axis, whofe Exp. 2. 
pofition is horizontal, a parcel of wooflen threads 
be fufpended from a femicircular wire, fo as that 
their lower ends may be diftant an inch or a little 
more fropii the globe, they will fuitably to the na- 
ture of all heavy bodies, hang down perpendicular 
to the horizon, and parallel to each other ; if then 
the globe be moved pretty briflcly round its axis, 
the threads will immediately change their pofition, 
fo as to have their ends bent a little upward, point- 
ing that way towards which the motion tends ; the 
rotatory motion of the globe being communicated 
to the circumambient air wherein the threads hang, 
and by means thereof in fome meafure to the threads 
themfelvcs. Let then an hand be applied to the 
lower part of the globe, fo as to rub the fame, and 

as 
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su (bon At k grows warm from the fridion» the 
threads which were before crooked will dart them^ 
felves out into fo many ftnrit Iines9 all pointing to- 
wards the center of the globe ; but as foon as the 
attrition ceafes, and the globe cools, they qint this 
diredkiont and return to their former pofition ; 
whence it evidently appears that they are attrafted 
by the glafe, fince they are made to point towards 
its center, notwithftanding the contrary direftions 
that were given them by the motion of^the air and 
the force of gravity. In this and the two following 
experiments there is one remarkable circumftancc, 
which tho' it does not concern the matter in hand, 
yet becaufe I Ihall have occafion to have recourfe 
to it hereafter, I fhall, to prevent the repetition of 
experiments^ take notice of it here. And it is this ; 
if while the threads are extended and aftcd upon by 
the attraftion of the globe, a finger be moved to- 
wards the extremity o( any of them, they will im- 
mediately recede and fly from the touch, and this 
they will do upon every approach of the fingen 
Exp. 3. If the axis of the globe inftcad of being parallel 
to the horizon be placed perpendicular thereto, and 
the femicircular wire which fupports the threads be 
in the plane of a Circle parallel to the horizon, the 
threads rtiuft by reafon of their gravity hang down 
in lines parallel to the axis of the globe, yet as foon 
as the motion and attrition are given to the globe as 
before, the threads will begin to raife and extend 
themfcl>?es towards the center of the globe, and 
appear like fo many rays converging towards that 
center in a plane parallel to the horizon : fo that 
in this cafe the attraAivc force of the glafs does not 
only draw the threads out of the parallel pofition 
they have to each other, but likewife raifes them 
lip in a pofition parallel to the horizon, notwith- 
ftanding the force of gravity which is conftantly 
afting upon them to carry them down. 

If 
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If the threads, inftead of being placed without the 
globe, be fixed to the axis at the center, and be of 
fuch a length as to reach within about an inch of 
the furface } when the globe is turned round, they 
wiU bend backward contrary to the diredbion of the 
motion i becaufe the included air, tho' it does in 
fomc meafure partake of the rotation of the globe, 
yet doth it not move with equal fwiftncfs, and for 
that reafon mu(t refift the rotation of the threads 
and bend them backward. When the threads are 
in this ftatc, if the attraSion of the glafs be ex- 
cited by attrition as in the two laft experiments, 
they will ftraightway extend themfelves towards the 
concave furface of the globe, conftituting as it were 
fo many rays iffuing from the center, and diverging 
from one another in a regular manner. 

The reafon why the threads in all theie cxperi- Exp. 5, 
ments are ftretched into lines tending either to or 
fixun the center of the globe, feems to be this. 
Whatever be the force wherewith the globe afts on 
the threads, the diredion of it muft b^ perpen4i* 
cular to the furface of the globe i confequently in 
the fame direction muft the threads move ; but from 
the nature of the globe thofe and thofe lines only 
are perpendicular to its furface, which either iffue 
from or tend towards the central point. 

Having faid thus much concerning eledrical at^ 
traftion, I now proceed to that of magnctifm. Many 
and furprifing are the properties both of the load- 
ftone and magnetical needle, which however I (haU 
Wt here confider ; my intent at prefent being only 
to (hew from e^^pcriment the law of magni^tical at- 
o^ion ; or, in other words, to (hew in whs^t pro^ 
portion the attradive power of the loadftone varies 
according to the different diftances of the iron which 
it attra£h* And in order to this, let a loadftone Exp. 6t 
be fufpended at one end of a balance, and counter- 
poifed by weighty at the other ; let a flat piece of 
iron be placed beneath it at the diftance of four 

tenth 
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tenth parts of an inch, the ftone will immediately 
defcend, and adhere to the iron : let the ftone again 
be rembved to the fame diftance, and a weight of 
four grains and four tenth pares of a grain be thrown 
into the feale at the other end of the balance ; 
this weight will be an exadt counterbalance to the 
attraftive force, and prevent the defcent of the 
ftone ; but if any part of the weight be taken out, 
the attraftion will prevail, and carry the ftone 
down. If the ftone be placed at half the former 
diftance, that is to fay, at the diftance of two tenth 
parts of an inch above the iron, the weight neceffary 
to hinder its defcent will be about feventeen grains 
^nd an half, that is four times as much as before: 
Confequently, the attradtive force of the ftone at 
the fingle diftance from the iron, is to the fame at 
the double diftance as four to one, that is recipro- 
cally as the fquares of thediftances. 

Perhaps it may be objefted that Sir Isaac 
Newton (to whofe judgment in natural affairs the 
utmoft regard is due) has faid that the power of the 
loadftone decreafes nearly in the triplicate ratio of 
' the increafe of the diftance. But whoever confiders 
. his words in the fifth corollary of the fixth propo- 
fuion of the third book of his Principles, where he 
mentions this law, will find that he fpeaks of it with 
diffidence, as a thing which he rather gueffed at 
from fome rude obfervations, than collefbed froiti 
accurate experiments ; for his words are, Et in re- 
cejfu a magnete decrefcit in ratione dijlantia non dupli^ 
cat d^ fed fere tripUcatd^ quantum ex craffis quibufdam 
<^bfervationibus animadvertere potui. .So that notwirh- 
ftanding this objeftion I ftiall ftill venture to affirm 
the law of magnetical attraftion to be fuch as 
makes it a6t with forces which are in the reciprocal 
duplicate ratio of the diftance. Becaufe this law is 
deduced from an experiment made with fufficient 
cxaclnefs, and which does not feem liable to any 
exception. 

Tho* 
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Tho' the principle of gravity, which comes next Lect. 
to be treated of, be difFufed throughout the folar ^ JJ- 
fyftem, and may probably be extended fo far as 
to reach the other fyftems of the univerfe; yetfliall 
i confider it at prefent with refpeft only to the 
globe of earth, which we inhabit ; the parts where- 
of would by reafon of the diurnal rotation be apt 
to fly afunder, were they not kept together by the 
influence of this principle ; whereby likewife all 
bodies on or near the furface of the earth are made 
to tend towards its center. This power at. equal 
diftances from the center of the earth is always pro- 
portional to the quantity of matter in the body 
whereon it afts ; for all bodies, the light as well as 
heavy, being let fall from the fanie height, defcend 
with equal fwiftnefs, provided they meet with no 
refifl:ance from the air, as will appear frorn the fol- 
lowing experiment. Let a piece of gold iand a Exp, 7/ 
feather be let fall from the top of an exhaufted re- 
ceiver at the fame inftant of time, and they will both 
arrive at the bottom at the fame time very nearly. 

The reafon why the feather doth not reach the 
bottom quite fo foon as the gold, is, that the re- 
ceiver cannot be perfeftly exhaufled, and there- 
fore the fmali portion of air which remains within, 
though very mugh rarified, gives fome fmall re- 
fiftance to the defcending bodies, which fuitably 
to the nature of all refiftance muft retard the lighter 
body more than the heavier, and confequently 
caufe fome little difference in the times of the 
defcent, which othcrwife would be exaftly equal. 
This then bein^ the cafe, it evidently follows, 
that the forces or gravity, whereby bodies defcend, 
muft at equal diftances from the center be as the 
quantities of matter in the defcending bodies ; 
for if a certain force of gravity be requifice to carry 
down a certain quantity of matter with a certain 
fwiftnefs, then is double the force neceflfary to 
carry down a double quantity of matter with the 

fame 



Digitized by VjOOQIC 



22 Of attraction. 

LiCT. fame fwiftncf3; an<^ triple the force to carry down 
JI^^ a tripk quantity, ahd fa in proportion whatever 
^ * be the quantity of matter : fo that the weights of 
bodie$ at equal diftances from the center of the 
earth are always proportional to the quantities of 
matter which they contain 9 and therefore the 
quantity of matter in any body may be meafured 
by its weight. 

The gravity of a body at any place beneath the 
furfacc of the earth has been proved by Sir Isaac 
NswTON, to be diredbly as the diftance from the 
center : that is, fuppofing the earth's radius to be 
four thoufand miles, a body which on the furface of 
the earth weighs a pounds will within the earth at 
the diftance of two thoufand miles from the center 
weigh only half a pound, at the diftance of one 
thoufand miles only a quarter, and fo on till at the 
center it lofes all its gravity. 

It has been likewife proved that the force of gra- 
vity on the furface of the earth, and at all diftances 
beyond it, is in the reciprocal duplicate. ratio of 
the diftance from the center \ that is, if a body 
weighs a pound at the furface of the earth, whoie 
diftance trom the center is four thoufand miles, 
it will at double that diftance weigh only a quar-- 
ter of a pound, and at triple the diftance, only 
the ninth part of a pound, and fo on i whatever 
be the diftance, the force of gravity will be re- 
ciprocally as the fquare of the diftancq. For is it 
not highly rational that the power of gravity, what- 
ever it be, (hould exert itfclf more vigdi-oufly in a 
fmall fpherc, and weaker in a greater, in pro- 
portion as it is contracted or expanded ? and if 
fo, feeing that the furfaces of fpheres are as the 
fquares of their r^f//V, this ppwer at fevcral diftances 
muft be as the fquares of thofe diftances recipro- 
cally. Tho' flriaiy fpeaking, this be the law of 
gravity, y^t where the diftances from the furface 
ar? inconfiderabl^ with refpcd to the earth's radius 
6 the 
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the force ofgr^vicy may be looked upon as equal 
^t all thofe diftances ; thus for inftance, the gravi- 
ty of a body at the diftan^e of half a mile from the 
earth may be looked upon as equal to the gravity 
thereof at the diftance of a quarter of a mile ; or 
at the very furface •, becaufe the difference is fo 
fmalU that if it be rejedted it will not occafion any 
error in calculations. And indeed on this fuppoli- 
tion are founded moft of ^the reafonings of Gal- 
LiL/Eo, ToRRicELLius, Hi/ycens, and other na- 
turalifts concerning the defcent of heavy bodies ; 
and by the help of the fame fuppofition have the 
fcveral theorems been formed relating to the acce- 
leration of falling bodies, the fpaces described, the 
times of the fall, and the velocities thereby ac- 
quired i as I fliall now fhew you. 

If the force of gravity whereby a body defciends 
remains unvaried, the motion of a body falling by 
fuch a force will be accelerated, and that uniform- 
ly ; that is, thei^velocity will increale, and the incre- 
ments thereof in equal times will be equal. For 
let us fuppofe the time of the defcent to be divided 
into a number of equal parts indefinitely fmall, in 
each of which by fuppofition, the force of gravity 
makes equal impreffions On the body to carry it 
down ; whatever velocity therefore the body re- 
ceives from the impreflSon of gravity in the firfl 
portion of time, it muft receive as much in every 
other portion -, fince therefore, fetting afide all out- 
Ward lets and obftaclcs,the eflfcdl of every impreflion 
remains, \he velocity given in the firfl: portion of 
time, will be doubled in the fecond, . tripled in the 
third, quadrupled in the fourth, and fo on continu- 
ally thro* the feveral portions of time. So that 
the velocity of a body falling,by the force of gra- 
vity will conftantly increafe in the fame proportion 
with the time of the defcent. Or, in other words, 
the motion of a body carried down by the force of 
gravity will be uniformly accelerated : and the ve- 

C locitic^ 
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Lect. locittcs acquired will be as the times of the de^ 
II. from the beginning of the fall. 
u^ . -^i*-^ From whai has been faid it follows, that j 

^'^g' 3' right line as A B be fuppofed to denote the 
or a body's fall* and another right line as 
fet at right angles to the former, to exprefs thi 
locity acquired by the failing body in the timel 
noted by AB: the triangle ABC being 
pitted, and another right line as DE drawnrl 
" raild to BC, then will DE denote tht vel 
acquired by the tailing body in a portion of ti 
which is to the time denoted by A B, as A ~ 
A B : for, from the nature of fimilar trianj 
A B is to A D as B C to D E ; btit BC cxpre 
the velocity acquired, where the time»is as AB: 
fequently, fince the velocities are as the times of i 
defcent, D E will exprefs the velocity acquiredl 
the time denoted by A D. 

And what has been thus proved of the line D R 
is in like manner true of any other right line, as FG, 
or H I, drawn within the triangle parallel to the 
tpafe V for F G and H I will cxpreis the velocities 
acquired in the times denoted by A F and A H. 

The fpaces defcribed by bodies falling from ft 
ftate of reft by the force of gravity are to one ano- 
ther as tfhe fquares of the times from the beginning 

Kg. 4. of the fall. In the triangle ABC, kt A B ex- 
prefs the time of a body's falU ajid BC the velocity 
acquired at the end of the fall, kt A B be divided 
into a number of equal parts indefinitely fmall 5 
and frona each of thofc divifions fi^ppofe lines, as 
DE drawn paralkl to B C 5 it is evident frorr 
what has been faid, that thofc lines will exprefs tht 
velocities of the falling body in the feveral refpec- 
tive poiMs of time ^ whkh velocities, inafmuchlaJ 
^he body is given, and^thc portions of tiime are in- 
definitely fmaUt will be as the re^ftivc fpac« 
dcfcrihtrd in thofc tixnc> r but the fwm of the Ipacei 
ddcribed in ail the iinall portions of time is eqoai 

V . ic 
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^ Tthc fpace defcriUcd from the beginpfng pf ^ XfPcr^ 

, I ; and the fum of all the lines, as D E takien jnr Ih 

^ ^.^^fenitely ne^r each Other conftitute )th(c area of th? ^ ' '"*^ 

^ ^^gl^- And therefore the fpace defer i bed by ^ 
>r ^!f^"S body in the time exprefled by A P, and wjiere 
[ ^- J^ velocity acquired at the end of the fall is dcnpte4 
^ tJim g Q ^jjj j^ ^j ^j^g ^^^^ ^ jj^g triangle ABC, 

1"^ 8^4 for the fame rea^n the fpace defcribed by 4^ 

i§^^S body in the time exprefled by A D will hff 

^fW^^ ^^^ of the triangle A D E. Put from the 

^ Jfeureof fimilar triangles thcfe ^reas are to one zn^ 

^ttjer as the fquares of their homologpMs fides; th^f 

f^mas AB'' to ADSorafcBCUoDja^ But A? 

'^P^Wd A D exprefs the times of the fall, and B C ancj 

9j^ the velocities acquired by t^e fallj wherjer 

'^/fllrc the fpaces defcribed by a falling body arc 

^'^^ the fquares of the times from the beginning of 

khe fall, or as the fquares of the yejociciies at the 

^ X^ ^^ ^^^ ^^'' ^^'^ ^'^^^ ^^^ ^^^ ^^^^ demons 
^^^•atcd from the nature of gravity is likevyi^ con- 

^^HBrmed by experiments. For if a v/cight of elevei} Exp, 8< 

^^Wundred grains be let fall from the height of thrc? 

^1 inches, fo as to ftrike one end of a balance, it$ 

^^jforce will be juft fufficient to raife a pound weight 

^^ at the other end of the balance to the height of 

'"^ about the eighth or tenth part of an inch j wjicrea? 

tf the fame body be required to raife a weight of 

two pounds to the fame height, it myft be let fall 

^m the height of twefve inches 5 and if the w^ighj 

•0 be raifed, he .three pounds, then mgft the moving 

f body fall from the height of twenty-fcv^n \nchts j 

1 for Icfler heights will not fufficc, as will appear frp?) 

i the experiment. 

\ Tie forces wherewith the defcen^i^g body ftrikes 

the end of the balance are rocafuired by pbe weights 

that ane raifed •, which in this cafe are ^s one, t.wo^ 

and three; but thf forces wJiercwith one md th$ 

fiune body ftrikes, ace as*^e velocities of the body; 

wherefor^ia ^hft cafe bjsf <Mre;\}s the y.^ktfi;H i/es j«quu'e4 
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by the falling body are as one, two, and three 5 bat 
the heights from which it defcends in order to ac- 
quire thofe velocities are as one, foi>r, and nine ; 
that is, as the fquares of the velocities. 
Exp. 9. If this experiment be repeated with a body 
double in weight to the former, to wit, with one 
of twenty-two hundred grains ; the weights raifed 
by theftrokes will be two, four, and fix pounds, to 
wit, double the former. 

From this experiment appears the truth of that 
rule, which coUefts the quantity of motion in any 
body by multiplying the velocity of the body into 
its quantity of matter. For the force of a ftroke 
is, ceteris paribuS'i always proportional to the quan- 
tity of motion in the ftriking body ; confequently 
in like circumftances the motions of bodies may be 
meafured by the force of their ftrokes : but it has 
appeared from the experiment that where the ftrik- 
ing body is as tinity, and the velocities wherewith 
it moves at the times of the ftrokes, as one, two, 
and three ; the forces of the refpeftive ftrokes are 
likewife as one, two, and three. But where the 
body is as two, the ftrokes are as two, foui^, and fix ; 
that i5, in both cafes the ftrokes are as the produfts 
arifing from the multiplication of the quantities of 
matter in each body into the refpeftive velocities: 
wherefore the quantities of motion are as thofe 
produdls. Whence as a corollary it follows, that if 
the weight of one body multiplied into its velocity 
gives an equal produift to what arifes from the 
multiplication of the weight of another body by its 
velocity, the motions of thofe two bodies are 
equal ; and this will ever be where the weights of 
the bodies are reciprocally proportional to their ve- 
locities. Thus when the body whofe weight was as 
unity, was let fall from the height of twelve inches, 
and thereby acquired a velocity which was as two ; it 
raifed a two pound weight, which was likewife raifed 
by the body whofc weight was as two, when by fall- 
10 ing 
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ingfrom the height of three inches, it had acquired 
a velocity which was as unity. 

From what has been proved concerning the fpaces 
defcribed by falling bodies it follows, that if the 
time of a body's fall be divided into a number of 
equal parts, the fpaces thro' which it falls in each, 
of thofe parts of time taken feparately and in 
their order, beginning from the firft, are as the 
odd numbers taken likewife in their order, begins 
ning from unity. For inftance, if the time of the 
fall be four feconds, the fpace defcribed in the firft 
of thpfe feconds will be as one, in the fecond as 
three, in the third as five, and in the fourth as fe- 
ven; for where the times of the fall are as one, 
two, three, and four ; the fpaces defcribed are as 
one, four, nine, and fixteen ; and therefore if from 
the fpace defcribed in two feconds, to wit, four, be 
fubdufted the fpace defcribed in the firft fecond, to 
wit, one, the remainder, to wit, three, will be the 
fpace defcribed in the next fecond. And if from 
nine, which is the fpace defcribed in three feconds, 
be taken four, which is the fpace defcribed in two 
feconds, the remainder, which is five, will be the 
(pace defcribed in the third fecond. In like manner 
fubdufting nine, the fpace defcribed in three feconds, 
from fixteen, which is^ the fpace defcribed in four 
feconds, the remainder, to wit, feven, will be the 
fpace defcribed in the fourth fecond -, and fo on ac- 
cording to the number of parts into which the time 
of the fall is divided. 

From what has been faid it likewife follows, that 
the velocity acquired by a falling body at the end of 
the fall is fueh as- with an equable motion would in 
the fame time in which the body fell, carry it thro* 
a fpace double that of the fall. That the truth of this 
may be made appear, it is neceflary that fome things 
be premifed concerning the fpaces defcribed by bo- 
dies carried with an equable motion. And firft, if 
|hc velocity of a body moving uniformly be given, 

C3 the 
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Lect. the fpace d«ftribed ivill be as the titn* of the tnoi 
^^' tion ; for if a body with a giren velocity moves 
thro' a certarin fpace$ a foot, for inftanccj \h a fecohd 
of time, it will in two feconds^ with tht fame ve^ 
loeity, move thro' two feet, and thro' three feet in 
three feconds, and fo on ; whatever be the time# 
the fpffce defcribed will be proportional thereto^ 
Oh the other hand, if the time be given, the fpace 
defcribed will be as the velocity : for if a body in 
a given cinrre moves thro' the fpace of a foot with 
d certain velocity, With double the velocity it will 
pafs thro* the fpace of two kttj and with trij)le the , 
Telocity thro' the fpace of three feet, and fo on, 
whatever be the velocity^ the fpace defcribed will 
be in the fame proportion. But if heither the time 
of Si body's motioh^ nor the velocity wherewith it 
mbves be given, the fpace defcribed will be as the 
timd and Vdocity conjointly : for if a body movirtg 
t^ith a certain velocity runs thro' a certain fpace in a 
certain time^ it follows from what has been faid, that 
if the tihie bfe incrcafed or diminiftied ih any pro* 
portion, in the fame alfo will the fpace be incrcafed 
or dimiiilfhedi ftippoflng the velocity to rbmain the 
fame; but if that like wife be changed, it is plain 
that the fpace will be changed in the fame propor- 
tion : arid therefore uhiverfally the fpace defcribed 
by a body moving equably is as the time and velo- 
city conjbinily. For which reafon^ if in the reft-^ 

Fig. s* angle^ dn^ fide, as A B* be fuppofed to denote the 
time wherein a body moves equably, and B C the 
tdocity wherewith it move:^, the redangle A B G D 
Will be as the fpaee dfcfcribed •, but the triangle 
A B C of the fame figure^ is as the fpace defcril^d 
by a falling body in tht time denoted by A B, and 
B G is as the velocity acquired at the end of the 
fall I and the reftangle A B C D is double the tri* 
an^le ABC, cdnfequehtly the velocity acquired bf 
a falling body is fuch as will carry the body with an 
equable nibtion in the time of the fall thro' double 
thfe fpace of the fall. As 
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As the motion of b«xlies falling from a ftate of 
reft is uniformly accelerated*, fo likewife the motion 
of bodies thrown upward is uniformly retarded ; 
for the fame force of gravity which confpires with 
the motion of dcfcending bodies, adts in direft op- 
pofition to the motion' of fuch as afcend *, and 
therefore in whatever manner it accelerates the one, 
in the very fame manner muft it retard the other. 
Whence it follows, that if a body be thrown di- 
rcftly upward, the time of its rife will be equal to 
that wherein a body falling freely from a ftate of 
reft, acquires the fame velocity wherewith the body 
is thrown up. For fincc the action of gravity is 
conftanc and uniform, in whatever time it generates 
any velocity in a falling body, in the fame time muft 
it deftroy that velocity in a rifing body ; and there^ 
fore the time of the rife muft be equal to that of 
the fall. Jt likewife follows that the height to which 
a body thrown upward rifes is equal to that from 
which a body falling freely does at the end of the 
fall acquire a velocity equal to that wherewith the 
body is thrown up. For fince the times in which 
the velocity of the falling body is generated, and 
that of the rifing body is deftroyed, are equal ; and 
lincc of the two equal velocities one is generated 
and the other deftroyed by the conftant uniform 
aftionof one and the fame power-, it is manifeft,that 
whatever be the fpace thro* which the falling body 
moves in order to acquire its velocity, the rifing 
body muft afcend thro' an equal fpace in order to 
lofe its velocity ; that is, it muft rife to the fame 
height from which the other falls. 

The force* of gravity at the furface of the earth is 
fuch as, fetting afidc the refiftance of the air, makes 
a body tailing from a ftate of reft to dcfccnd thro* 
a fpace of fixteen feet and an inch m a fecond of 
time. For the time therein a pendulum performs 
its fmalleft vi'Tations is to the time in whit h a body 
falls thro* half the length of the pendulum as tiie 
C 4 circum* 
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circumference of a circle to its diameter (as (hal| 
be (hewn when I come to treat of the pendulum) 
wherefore fmce the fpaccs defcribcd by falling 
bodies are as the fquares of the times, and fince 
the diameter of a circle expreffes the time which a 
body takes to fall thro* half the length of a pendu- 
lum vibrating fcconds, when the circumference ex- 
preffes a fecond -, it follows, that as the fquare of the 
diameter is to the fquare of the circumference, fo is 
half the length of the pendulum to the fpace thro* 
which a body falls in a fecond of time. So that 
putting D to dcnotie the diameter of a circle, which 
is as unity, P the periphery, which is as 3,141 6, L 
the length of the pepdMluni vibrating feconds, 
which is 394- inches, and S to denote the fpacc 

fought 5 we fhall have this analogy, D* : P* : : ~ : S. 

Confequently S = • ^^ , or rejefting the divifor 

as being equal to unity, S^:^F*ih= igs inches, 
or fixteen feet and an inch. 

Before I quit this fubjeft I muft obferve to yoq, 
that bodies do not every where defcend at the rate 
of fixteen feet and an inch in a fecond of time, but 
in fuch places only as are in or near the latitude of 
forty-nine degrees; in places more diftant from the 
line the defccnt is quicker, and more flow in thofe 
lefs diftant. For the force of gravity is lefs to- 
wards the aequatpr fhan towards the poles, 4s ha$ 
been coUefted from obfervations made on pendu- 
lums -, for they have be^n found to vibrate more 
flowly near the line than in places farther removed ; 
infomuch thap a pendulum which in the latitude of 
Paris vibrates feconds, muft be (hortened one fixth 
of an inch French meafure, in order to its vibrating 
feconds under the line. And the length of a pen- 
dulum which in the latitude of Paris performs its 
vibrations in a fecond, is to the length of a pendu- 
lum whofe vibrations are performed in the fame 

time 
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Ititne under the line as 220 to 2 1 9. Since therefore I^ect, 
the forces of gravity which aftuate pendulutns that _ 
vibrate in equal times are to one another as the 
lengths of the pendulums (as (hall be fhpwn when I 
come to treat of pendulums) it is evident that the 
force of gravity in the latitude of Paris is to the 
fame force under the line as 220 to 219. And in- 
deed it has appeared from a great number .of ob- 
fervations, that the force of gravit)Nis lead at the 
aequator, anrf that it continually increafes as we 
recede from thence and approach the poles, under 
which it is grcatcft of all. And the chief caufe of 
this difference is the rotation of the earth about its 
axis, whereby all bodies on or near the furface of the 
earth are indued with a centrifugal force, which a6t$ 
ip oppofition to that of gravity, and of courfe mult 
leffen the fame ; and the diminution of gravity 
arifing from this caufe muft be greateft under the 
aequator, and grow lefs and lefs in the approach to 
the poles : and that for two reafons, firft, becaufe 
the centrifugal force is greateft at the aequator, 
and from thence towards the poles is continually 
diminiflied fo as at laft to vanifh in the polar points. 
For all parts of the earth's furface with the bodies 
thereto adjacent revolve in the fame time cither 
in the ^equator or in circles parallel thereto ; but 
the aequator is the largeft of all thofe circles, and 
the others grow lefs and lefs as they are more and 
more diftant from the asquator. Now the centri- 
fugal forces of bodies revolving in the fame time 
in different cirples being to one another as the radii 
of the circles (as fhall be fhewn when I come to 
treat of thofe forces) it follows that the centrifugal 
force muft be greateft at the asquator, and thence 
be continually dimiqilhed towards the poles. To 
illuftrate this, let A B be the axis of the earth, C K Fig. ^. 
the radius of the aequator, D I, E H and F G the 
radii of fo many circles parallel to the aequator, the 
centrifugal forces in the points K, I, H, G, are 

as ' 
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as thofe radii •, fo that the centrifugal force is great* 
eft in the point K, that is at the aequator, and at I 
it is lefs than at K, and at H lefs than at I, and lefs 
again at G, and fo on, till at length it vanilhes at the 
polar point, where there is no rotation. Whence 
it is evident that the force of gravity muft be 
fmalleft under the line, and muft increafe towards 
the poles, inafmiKh as the force which afts in op- 
poficion to it is greateft under the line, and leflens 
in the approach.to the poles. The force of gravity 
muft likcwife be lefs under the aequator than in 
any other place, becaufe under the line the centri- 
fugal force afts in direA oppofuion to the force of 
gravity; whereas in other places it adts in an oblique 
direftion to that of gravity, and of confequcnce 
muft aA lefs powerfully againft it. Thus in the 
point K the force of gravity pulleth from K to- 
wards C, whilft the centrifugal force pulleth di* 
reftly contrary from C towards K ; whereas in the 
point L gravity pulleth from L towards C, whilft: 
the direftion of the centrifugal force is from O to-- 
wards. L. Let the centrifugal force in ther point L. 
be exprefled by the line L M, and to C L continued 
to N let fall the perpendicular M N. The force 
L M, according to the known method of refolving 
forces (of which I fliall fpcak hereafter) may be 
refolved into two forces denoted by the lines N M, 
and L N ; whereof the latter only ails in oppofi- 
tion to gravity, as pulling direftly againft it ; the 
other no way affefting the lame ; confequently, fup- 
pofing the ctntrifugal force at L to be the fan^e as 
at K, yet will the force ot gravity be lefs di:. inifhed 
by K at L than at K, becaulc at L part only of the 
centrifugal forie rffift<> that of gravity, wher^'as at 
K the whole ctniritugal t<?rce ads in oppofirioa 
thereto. 

From what has been fa^d u fo.lows, that the foirce 
whereby g^avitv is leikncd in the aequator is to the 
fojce whereby ic is kiicned in any other part of the 

earth's 
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earth's fUrface as thd Iquare of radius to the fquarei 
of thefihe of the complement of latitude. For the 
centrifugal force in the point K, the whole of which 
a&9 in oppofition to gravity, is to the centrifugal 
force in the point L, as CK or CL to OL; but 
the whole certtrifugal force in L is to that part of 
it which oppofes gravity » as LM to LN, that is^ 
bccaufe the triangles LNM ind COL are fimilar, 
as CL to OL; wherefore the centrifugal force, or 
the f6rce which oppofes gravity in the point K, is 
to that part of the centrifugal force which oppofes 
gravity in the point L in the duplicate ratio of CL 
t« O L, that isi as the fquare of radius to the fquard 
of the fine of the coniplement of latitude. 



LECTURE III. 
Of Repulsiont and Cjentral Forces, 

AS expfcrience has convinced us that there are 
Powers in nature, whereby not only the larger 
fyftems and cdllfcftions, but likewife the fmallcr 
parcels and particles of matter are in fome cafes 
made to tend to one another 5 the fame experience 
will inform Us of other, powers in nature, whereby 
the parts of matter do in fome circumftances recede 
and fly from each other. For if the difagreeing Exp. i. 
pole of a loadftone be moved towards a magnetical 
heedle floating on Water, the needle will recede; and 
the Hearer the ftone is brought to it, with the greater 
viblenceancl precipitation will it fly off; the repelling 
power, like the attraftive, exerting itfelf with greater 
vigar at fmaller diftances. 

This repelling power is likewife evident from the 
experiai^nts which were made relating to eleftrical 
attra&ion : for it was obfervable that upon holding 
the glafs tube^ when heated by friftion, nigh fmall 
'fiBccs of brafs-leaf 3 fome of thofe pieces which by 
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the attra<^ion had been raifed towards the tube, 
were, before they could reach it, driven back again 
with great precipitation : and of thofe which ad- 
hered to the tube fonfie were thrown off with a ve- 
locity much greater than coiJd poffibly arife from 
the force of gravity in fuch light bodies, and con- 
fequently muft have been driven down by fome re- 
pelling power in the glafs. And in the experinnents 
of the glafs globe and woollen threads ; when the 
threads were, by the attraftive force of the globe, 
made to extend themfeives towards its furface, upon 
moving one's finger towards them, they were ob- 
ferved to recede and fly off, and that at confiderable 
diftances from the finger -, which plainly argues a 
repelling power interceding the finger and threads^ 
when under the circumftances of thofe experiments^ 
From this power it is that the leaves of the fenfitive 
plant ftirink and retire from the touch of an ap- 
proaching hand. And to the fame power we are to 
attribute the elafticity of the air ; as alfo the fhak- 
ing off of the particles of light from the fun and 
other luminous bodies. 

Befides the forementioned principles of attraftion 
and repulfion, whereby nature feems to perform 
moft of her operations, and which for that reafon 
are very properly ftiled aftivc principles ; there is 
another of a paffive nature, commonly called the 
vis infila and vis inertia of matter, a force arifing 
from the inertnefs or inaftivity ot matter ; which 
force in any body is proportional to its quantity of 
matter. From this forc^ refult three paQive laws 
of motion, ufually called by modern naturalifts the 
three laws of nature*. 

The 

* By virtue of the 'vis inertia it is, that the motion of a body 
produced by a force imprefled upon it, is mcafured by the quan- 
tity of matter in the body and its velocity, taken together. For 
the body by its <vis inertia, refills the force impreil'ed upon it 
which caufes its m.otion, in proportion to its quantity of matter ^ 
and confequently, to produce a given tendency in the body 

, forward. 
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The firft of thefe laws is, That every body, in 
proportion to its quantity of matter, perfeveres in 
its prefcnt ftate, whether it be of reft or uniform 
motion ftraight forward in a right line. For as 
every particle of matter is with refpeft to itfclf per- 
fectly una£tive, it is utterly impoffible it (hould pro- 
duce any alteration in its own ftate; for which 
reafon (fetting afidc all impreffions from external 
caufes) if it be at reft, it muft continue fo for ever; 
or if in motion, it muft for ever continue its mo- 
tion without any change either as to direftion or 
velocity : fo then the continuation of motion in 
bodies projci^ed (the caufc whereof very much 
perplexed the naturalifts of old) is to be attributed 
to the paffive nature of matter, which makes it as 
impoffible for a body of itfelf to ftop its own mo- 
tion when once begun, as it is for it to move itfelf 
originally, or of itfelf to change its figure. 

As a confequence of this law it follows, that all 
motion is of itfelf equable and reftilineal. For 
firft whatever be the velocity wherewith a body 
begins to move, the fame velocity muft continue, 
during the motion, unlefs a change be made therein 
by fome caufe from without ; wherefore the body 

fonvard, by which it moves at a given rate or with a given ve- 
locity, the force iipprefTed muft be proportional t?o the refiftance 
ari£ng from its 'vis inertiie, that is, to its quantity of matter ; 
and if the quantity of matter in the body, and confequently the 
refiftance arifing from its *vis inertiit, be given, the force im- 
ptefled will be proportional to the tendency forward which it 
communicates to the body, that is to its velocity ; and if neither 
the quantity of matter in the body nor its velocity be given, the 
force imprefled will be in a ratio compounded of the quantity of 
matter and velocity ; that is, putting F for the force imprefled, 
QJor the quantity of matter in the body, and V for its velo- 
city, F will be as Q^x V. But the motion of the body is the 
effed produced by the force F, and is proportional to it, that 
is, putting M for the motion of the body, M is as F. And 
tlicrcfore, by proportion of equality, M will be as Q^x' V ; or 
the motion of the body will be meafured by its quantity of 
matter and velocity taken together. 

muft 



Digitized by VjOOQIC 




Of central FORCES- 

mnft in equal times move thro' equal fpaces with 
an uniform velocity ; that is, the motion muft be 
equable. And as motion is by virtue of this law in 
itfelf equable ; fo is it likewife re6kilincal : for mo- 
tion cannot otherwife be conceived than as direftcd 
and determined towards fome place or other ; aad 
it muft by the foregoing law keep the direftion 
which it had at firft, until it be hindered or put out 
of its way by fome extrinfic caufe, that is, it muft 
move on in a right line. If therefore a body moves 
in a curve, that curvature muft of aeceflity proceed 
from fome external force continually ading on the 
body ; and whenever that force ceafes to a6t, the 
body will move forward in a right iii>e touching 
the curve in that point wherein the body is at the 
inftant of time when the force ceafes to aft. Thus 
for inftance, if a ftonc moved about in a fling, 
be fet at liberty by flipping one end of the flings 
it will not continue its circular motion, but go 
on in a right line touching the circle made by the 
circumvolution of the fling in that point where the 
Fig. 8. ftone is let go. If the circle BCDE be the curve 
defcribed by the revolution of the fling A B about the' 
center A •, and if the ftone be let off at the poiot 
B, it vC'ill move on in^the right line BG, which 
touches the circle in B. For by the law, the natural 
tendency of the ftone in the point B is along the 
line B G, tbo' by the force of the fling it he made 
to revolve in the cunve. And what has been faid of 
the ftone in the point fi, is in like manner true of 
the fame at any otber point, as C, D^ or Ei for in 
thofe points its tendency is ^Ipng th^ jLincs C F, 
D H, and £ K. 

Another confequence of the foregoing law is that 
,eU bodies, which revolve about a centei;, muft en- 
deavour to secede froaa ithecerrtier : for ftnce bodies, 
that are moved round in a curve, doof themfdves 
in every point of the curve tend to move in the 
i;an£ents to each point •, and fincc all. the parts of 
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the tangents are more diftant from the center of 
motion than are the parts of the curve, as is evi- 
xjcnt from the figure ; it is manifeft that bodies fa 
moved muft perpetually endeavour to fly off from 
the center of motion, which endeavour of receding 
is commonly called the centrifugal force •, and it is 
oppofed to the centripetal force, or that force which 
by drawing tte bodies towards the center makes 
them to revolve in a curve. 

Thefe two forces are by one common name called 
the central forces : and they are in all cafes equal 
the one to the other. For let us foppofe a bodj to 
revolve in the orbit E A C, and that being in the F^g* 9* 
point A, the centripetal force ceafes to a6l •, it will 
then move forward in the direftion of the tangent 
AB,and BC wiU be the fpace thro' which the body 
recedes from the orbit by means of the centrifugal 
forces ; and sf A B be ia its nalcent ttate, the cen- 
trifugal force will be as B C ; but if the centripetal 
force Si&s at A, it will make the body defcribe the 
arc A C in riae fame time that it would defcribe the 
tangent A fi, in cafe it were not afted upon by the 
centripetal force ^ confequently, the fpace B C is 
/defcribed by naeans of the centripetal force •, and 
the arc AC being m its nafcent ftate, the centri- 
pftal fwcc will be as BC, and of conlequence 
equal to the centrifugal. 

In ireming of thefe central forces I fhall proceed 
in the folkwing manner, Firft, I Iball confider 
two equal bodie* moving uniformly in two different 
circle ^ and thence deduce one general expreflioti 
£oT the .cent?ral forces in the terms of thecirclc* 
Secondly, by fubftituting other proportional quan- 
tities in the place of thofe which conftitute the 
general (CKfHieflion, i ftiall form other general ex- 
preflioois for the fame forces. Thirdly, by a pro- 
per application of thofe expreffions I ihall deter- 
mine the lawa jof central forces in particular cafei, 

' and 
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and at the feme time confirm each taw by an ej 
riment. . . 

As to the firft, if two equal bodies rtidving 

formly in the circles marked i, and 2, do in the 

portion of time taken ihdcfiniteljr fmalldefcribej 

nafcent arches A C 5 and if from the points 

drawn the lines C B, perpendicular to the tH^ngd 

A B, thofe lines will exprefs the proportion of 

central forces. For fince the time in which 

arches A C are defcribed is indefinitely fmall, 

bodies will be carried thro* the fpaccs B C, by 

fingle impulfe of each central force 5 for whij 

reafon the motions of the bodies thro' thofe fpac 

will be uniform ; confequently, fince the time 

the motion is the fame, and the bodies equal, til 

motions will be as the fpaces defcribed, that is, 

the lines B C ; but forces which generate cquat 

motions are to one another as the motions ger 

rated -, that is, in this cafe, as the lines BC 5 whii 

lines being equal to the verfcd fines AD of t| 

arches A C, muft be equal to the fquares of tl 

arches A C, divided by their refpeftivc diametc 

A E. For from the nature of the circle, the verfd 

fine of any arch is equal to the fquare of the chorf 

divided by the^ diameter ; but as in this cafe the 

arches A C are fuppofed to be nafcent, they do not 

differ from their chords, and therefore in each 

circle the verfed fine of the arch A C ^which 

verfed fine exprcfles the central force) is equal to the 

fquare of the arch divided by the diameter: confc- 

quently, the central forces are as the fquares of the 

nafcent arches applied to their refpeftive diameters 

and forafmuch as thofe nafcent arches are to on( 

another as any other two arches which are defcribec 

by the revolving bodies in a given time, the centra 

forces of two equal bodies revolving uniformly if 

different circles, are to one another as the Iquare: 

of the arches defcribed in a given time applied t< 

thei 
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)y an cf refpcftivc diameters \ op bccaufe the diameters 

the radii, as the fquarts of the arches applied 

ir refpeftive radii. Wherefore putting A to 

:e the arch of a circle defcribed in a given 

;, D for the radius, and F for the central force. 

A* 
as -jt-, as it (lands in the fitft place of the firft 

of fymbolsi 



Fis as -jT-. 

v ^" 
t IS as-g-4 

Fis as — . 
FisasDN*. 



F is as 



F is as 



F is as 



QV* 
D ' 



FisasQDNV 




[As the bodies are fuppofed to rhove uniformly in 

I circles, it is evident that the arches defcribed in 
given titY\f arc as the velocities of the revolving 
iies ; and therefore in the general expreffion for 

central force, the velocity of the body may be 
Ibftituted in the place of the circular arch •, whence 
ttting V for the velocity of the body, F is as 

as in the fecond place of the firft rank of 

ibols, which is a fecond general expreffion for 
' ceqjtral force. 

ifAgain, the velocity of a body moving uniformly 

t circle^ is as the radius applied to the periodic 

e, or the time of one intire revolution. For if 

'.velocity of the body be given, the periodic time 

aft be proportional to the circumference of the 

|tle, inafmuch as a body, which with a given ve- 

^ty defcribes a certain fpace in a certain time, 

II require a double or triple time to defcribe a 
abloior triple fpace ; and univerfally whatever be 
' magnitude of the fpace^ the time in which it is 

D defcribed 
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defcribed Will be propottiohal to it. If the circum- 
ference of the circle be given, the periodic time will 
be inverfly as the velocity with which the body 
inovcs ; fdr if a body nioves thro* a given fpace 
With a certain velocity in a certain tirihe, it , will 
with double the velocity move through the fame 
ipace in half the time, and with a triple velocity in 
one third of the time ; and in general, iii whatever 
proportion the velocity is increafed, in the fame 
proportion will the time be leflened ; that is, the 
periodic time will be inverfly as the velocity. If 
therefore neither thje circumference of the circle, 
nor the velocity of the body be giveh, the periodic 
tirpe will be diredly as the circumference, and in- 
verfly as the velocity j that is, as the circumference 
: %. applied to the velocity ; or (becauft the circiimfe- 

^^ rence is as the radius) as the radius applied to the 

W:^ ^ velocity. Wherefore putting P for the periodic 

q^> =^_|L ti^e of a body revolving in a circle, P is as 

' TT, and confcquently V is as p-. If therefore in the 

— ^ fecond general exprefllon p- be fubflituted in the 

place of V, we Ihall have ^ third general 6xpref!ion 

D 

fot the central force, wherein F is as —, as in the 

third place of the firfl: raUk of fymbols. 

Again the periodic time of a body revolvfng 
uniformly is inverfly as the number of roj^olutions 
performed in a given time. For if the periodic 
time of a body be fuch, as that in a given time it 
can perform a certain number of revolutions ; if the 
periodic time thereof be doubled, it will perfornt 
but half the number of revolutions in the fame time-, 
and if the periodic time becomes thrice as great, 
it will perform but one third of the nurhber of re- 
volutions in the given time ; and lb on, as the pe- 
riodic time is inlarged the number of revolutiorts 

will 



Digitized by V3OOQIC 



]7-' 



4^. 



J'/a^ J. 




Digitized by V3OOQIC 



, THB K£^'' ^^^'^ , 
PUBLIC UBRARY 



Digitized by V3OOQIC 



Gf central forces. 41 

Vfiil be diminiflied in the fame proportion, fo that I^ect* 
putting N for the number of revolutions in a given I^^* 

time, P will be as r^. Confecjuently, if in the third 

general expreffion ^ be fubftituted in the room of 

Pj^we fhall have a fourth general expreffion for the 
central force, wherein F is as D N*, as it (lands in 
the laft place of the firft rank of fymbols. 

In coUefting thefe general expreflions, I have all 
along fuppofed the quantity of matter in the revol- 
ving body to be given ; and for that reafon have 
not made it a part of thofe expreffions, inafmuch 
as ic may be denoted by unity ; and as fuch, whe- 
ther it be taken in or left out, it will not vary the 
expreflions. But the cafe will be different, if the 
quantity of matter in the revolving body varies ; 
becaufe the central forces, and confequently the exf- 
prcflions for thofe forces will likewife vary ; fo as 
to be greater dseteris paribus in larger quantities of 
matter than in fmaller. For the whole central force 
of any body is made up of the forces of each par- 
ticle whereof the body confiits ^ and therefore the 
more numerous the particles of matter are in any 
body, the greater will its central force be \ fo as to 
be double in a double quantity of matter, triple in 
a triple quantity •, and fo on in proportion to the 
quantity of matter. In order therefore to render 
the expreffions yet more general, let Q^ be put for 
the quantity of matter in the revolving body, and 
lee it be multiplied into each of the four expreffions, 
as in the fecond rank of fymbols. 

Before I apply thefe expreffions to the feveral 
particular cafes, I (hall offer an experiment in 
confirmation of what I juft now proved, viz. that 
the greater the quantity of matter in any body is, 
the greater is the central force, 

D 2 Let 
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Let three glafs tubes half full, one with mercury, 
and water, and another with warer and fmall leaden 
bullets, the third with water and a piece of cork, 
be flopped clofe, and made fad to an inclined plane; 
and let the plane be fo fixed to a table moveable 
about its center by means of a wheel and axle, 
as that the lowermoft part of the plane may reft 
upon the center of the table. As long as the table 
continues at reft, the liquors and folids contained 
in the tubes will by reaibn of their gravity poffcfs 
themfelves of thofe parts of the tubes which lie next 
the center of the table, leaving the remoter parts 
empty: and of the two bodies included in each tubc^ 
that which is heavieft will be neareft the center ; 
but upon turning the table about, the feveral bodies 
will by reafon of their centrifugal forces, whereby 
they are carried from the center of motion, fly to 
the uppermoft parts of the tubes; and in each tube, 
the heavier body will poffcfs the uppermoft place 
as being indued with the ftronger centrifugal force. 
If bodies moving in equal circles perform their 
revolutions in equal times, or in other words, if the 
velocities of bodies revolving in circles be equal, 
and their -diftances from the center likewife equal, 
their centrifugal forces arc as their quantities of 
matter. For in the fecond general expreffion, fince 
V and D are given, F is as Qj that is, the central 
force is as the quantity of matter'; which is con- 
Exp. 2. firtned by the following experiment. Let two 
fmall troughs be fo fixed to two moveable tables, 
as that the centers of the troughs may lie upon the 
centers of the tables, and let the centers x)f the 
tables be fixed to two axles, on each of which is a 
grooved wheel, with equal diameters ; let the two 
wheels be turned by means of one and the fame 
chord going round them : it is manifeft, that as the 
wheels are equal, they, and confequently the tables 
with their affixed troughs, muft perform their re- 
volutions in the fame time i and the parts of the 

tables 
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tables and troughs, whofe dlftances from their rc- 
fpeftive centers are equal, will revolve equally 
fwift ; and lb likewife muft all bodies that are placed 
in the troughs at equal diftances from the centers \ 
fo that by this contrivance, if two bodies be placed 
one in each trough ar equal diftances from the cen- 
ters, they win revolve equally fwift. Let then two 
balls, whereof one is double the other, be laid one in 
each trough, and let each ball be fattened to one end 
of a chord, whofe other end paffing thro* an hole in 
the center of the table is made faft to a -weight, 
which refts upon the floor ; and let the lengths of 
the chords be fuch, as that being ftretchcd, and the ^ 
weights not raifcd, the balls in the troughs may be 
equally diftant from the centers. This being done, 
if the weights be to one another as the balls, and if 
the tables be turned about with fuch a velocity as 
that the centrifugal forces of the balls may be fuf- 
ficient to raife the weights, they will be lifted up pre- 
cifely at the fame time. Whence it appears, that in 
this cafe the centrifugal forces are as the quantities 
of matter, inafmuch as they overcome rcfiftances 
which are in that proportion. 

If equal bodies moving in unequal circles per- Exp. 3. 
form their revolutions in equal times ; or in other 
words, if the quantity of matter in the revolving 
bodies be given, as alfo the number of revolutions 
performed in a given time, their centrifugal forces 
are as their diftances from the center. For in the 
fourth general expreflion fince Q^and N are given, 
F is as D -, that is, the force is as the diftance. For 
the confirmation whereof, let two equal balls be 
placed in the troughs at diftances from the centers, 
which are as one and two, and when the tables are . 
turned about, that ball, whofe diftance from the 
center is double, will raife a double weight. 

If equal bodies move in unequal circles with equal 

velocities ; or more generally, if the quantity of 

matter in the revolving bodies be given, as alfo the 

D 3 velocity 
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velocity wherewith they revolve; their central forces 
are inverfly as their diftances from the center. For 
in the fecond general expreflion fince Q^and V are 

given, F is as — , that is, the force is inverfly as the 

diftance. Before I mention the experiment where- 
by this law is confirmed, I muft obferve to you, 
that to the axle of one of the tables is fixed a fecond 
wheel, whofe diameter is but one half of the dia- 
meter of thd other wheel ; and therefore when the 
chord goes round the fmaller wheel, the table muft 
turn as faft again as when it goes round the larger 
wheel •, fo that the table which is moved by means 
of the fmaller wheel, will revolve twice in the fame 
time, that the other table which is turned by meaqi 
of the larger wheel, performs one revolution. 
Exp. 4. This being premifed, let two equal balls be fa 
placed in the troughs, as that the diftance of that 
ball which is to revolve by means of the fmaller 
wheel, may be but one half of the other's diftance 
from the center ; in which cafe their velocities will 
be equal : for tho' the peripheries of the circles 
which the two balls defcribe, are as one and twOaj 
yet will the lefTer periphery be defcribed twice in 
the fame time that the larger is defcribed once ; 
aqd therefore the fpaces thro' which the bodies move 
in a given time will be equal, and of confequencp 
their velocities will be fotoo. If then two weights 
be made faft to the chords of the balls in the manner 
of the former experiments; the tables being turned 
about, the ball whofe diftance from th^ center is a5 
one, will raife twice the weight, that is raifed by the 
ball whofe diftance is as two ; fo that the weighty 
raifed, and confcquently the forces which raife them, 
will be inverfly as the diftances of the balls from the 
center. 

If equal bodies revolve in equal circles with un- 

• equalvelocities, their central forces are as the fquares 

pt the velocities, or becaufethe velocities are as the 

number 
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namber of revolutions 10 a given time, the forces Itect. 
^re as tlie fquarcs of the numbers of revolutions HI- 
performed in a given time. For by the fourth ge- * '^u.~*-J 
flcral expreffion fmce Q^and D are given, F is as N % 
that is, the force is as the fquare of the nun^ber of 
revolutions in a given tirpe. To confirm this law, Exp. 5; 
lee twoeqgal balls be placed in the troughs at equal 
diftances from the centers; and let that table, whpfe 
axle has two wheels, be turned about by meaijs of 
the fmaller, fo that it may perform two revolution^, 
in the fame time that the other table performs one : 
in this cafe the nunibers of revolutions performed 
by the two balls in a given time being as one and 
two, their fquares will be as one and four, in which 
proportion the weights railed will likewife be. 

If unecjuai bodies revolve in equal circles with 
unequal velocities, their central forces are as the 
produds of their quantities of matter into the fquares • 
of their refpedive velocities -, or, which is the fame 
thing, as the products of their quantities of matter 
into the fquares of the numbers of revolutions in a 
given time. For by the fourth general expreffion, 
D being given, F is as Qj^*. Let therefore two 
balls, whereoi^ one is double the other, be placed at 
equal diftances from the centers ; and lex the larger 
revolve twice in the fame time that the fmaller re- 
volves once. In this cafe the quantity of matter in Exp. 6. 
the lefler ball, w.hich is as unity, being multiplied 
into the fquare of its number of revolutions in a 
given time, which is likewife as unity, gives one 
for the produft. And the quantity of matter in 
the larger ball, which is as two, being multiplied 
into the fquare of its ngmber of revolution^ in the 
given time, which fquare is as four, gives eight for 
the produft: fo that the weights raifed by the two 
balls will be as one and eight/ 

If unequal bodies revolve in unequal circles with 
unequal velocities, their forces are as their quanti- 
ties of matter multiplied into the fquares of their re- 
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fpeftivc velocities, and that produft divided by 
their rcfpeftive diftances from the centers ; or whac 
amounts to the fame thing, their forces are as the 
produfts arifing from the continued multiphcation 
of their quantities of matter into their refpeftive 
diftance$ from the centers, into the fquares of their 
numbers of revolutions in a given time ; or to ufe 
the mathematical phrafe, their forces are in a ratio 
compounded of their quantities of matter, of their 
diftances from the center, and of the fquares of their 
numbers of revolutions in a given time. For by 
Exp. 7. the fourth general expreffion, F is as QN D*. To 
confirm this law by an experiment, let two balls, 
whereof one is double the other, be placed in the 
troughs, fo as that the diftance of the fmaller from 
the center may be to the diftance of the larger as 
two to one ; and let the larger revolve twice in the 
fame time that the fmaller revolves once. In 
this cafe the quantity of matter in the fmaller body, 
•which is as one, being multiplied into the diftance 
from the center, which is as two, and the produdl 
being multiplied into the fquare of the number of 
revolutions performed by the fmaller body in 2 given 
time, which is as one, gives two for the produft. 
In like manner the quantity of matter in the larger- 
body, which is as two, being multiplied into the 
diftance from the center, which is as one, and the 
produft of that multiplication being again multi- 
plied into the fquare of the number of revolutions 
performed by the larger body in the given time, 
■which fquare is as four, gives eight for the produdl ; 
confequently the weights which are railed, as alfa 
the forces which raife them, are as two and eight, 
or one and four. 

If equal bodies revolve in unequal circles in 
fuch a manner as that the fquares of their periodi- 
cal times are as the cubes of their diftances from the 
center, their central forces are inverfly as the fquares 
of their diftances from the center, For fince the 
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quantity of matter in the revolving bodies is given, 
and the cubes of the diftances ^re as the fquares of 
the times ; if in the third general expreflion the 
cube of D be fubftitutcd in the room of the fquare 
of P, F will be as D divided by the cube of D, or 
as one divided by the fquare of D •, that is, the 
force will be inverfly as the fquare of the body's 
diftance from the center. To confirm this law, let 
two equal balls be placed in the troughs, fo as that 
the diftance of one from the center may be as two, 
and the diftance of the other as three and one Cxth ; 
and let that which is at the fmalleft diftance revolve 
twice in the fame time that the other revolves once ; 
fo that their periodical times may be as one and two, 
the. fquares of which being one and four, are very 
nearly proportional to the cubes of the diftances ; 
for the cube of the fmaller diftance is eight, and that 
of the larger thirty-two very nearly; confequently, 
the balls muft raife weights which are to one another 
inverfly as the fquares of the diftances from the 
centers ; that is, the weight raifed by t'he ball, whofc 
diftance is as two, muft be to the weight raifed by 
the ball whofe diftance is as three and a fixth, as 
the fquare of the laft diftance to the fquare of the 
former, that is, as ten to four, pr ftve to two very 
nearly. 

If the fquares of the periodical times be propor- 
tional to the cubes of the diftances, and the revolv- 
ing bodies unequal, the central forces are diredlly 
as the quantities of matter in the bodies, and reci- 
procally as the fquares of their diftances from the 
center. For in the third general expreflion* if the 
cube of P be fubftitutcd in the room of the fquare 

of Pj F will be as ^. If therefore all things remain 

as in the laft experiment, excepting that the body 
which is at the greater diftance from the center is 
to the body lefs diftant, as two to one ; the weight 
which is raifed by the former, >yill be to the weight 
. 10 raifed 
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raifcd by the latter, as two to two and a half; that 
is, the weights railed, will be as the produfts arifing 
' from the multiplication of the quantity of matter 
in one body into the fquare of the other body's 
diftance. 

Among the feveral laws of central forces, that- 
which obtains in nature, and by virtue whereof the 
heavenly bodies are made to revolve in their feveral 
orbits, is, where the forces are to one another in- 
verfly as the fquares of the diftances of the revolving 
bodies from the center. For it has been fou«d by 
obfervation, that all the planets as well primary as 
fecondary revolve either in circular orbits or fueh 
as are nearly fo. And that the fix primary planets 
move about the fun as their center in fuch a man- 
ner, as that the cubes of their mean diftances from 
the fun are very nearly proportional to the fquares 
of their periodical times. And the fame thing has 
been difcovered with regard to the four fecondary 
planets or fat^slUtes that move abdut Jupiter, as 
alfo with refpeft to the other five that revolve about 
Saturn. And therefore the forces whereby they 
are retained in their orbits muft be in the inverfe 
ratio of the fquares of their diftances from the cen- 
tral bodies about which they revolve. 
Exp. 9. If two bodies are by means of their mutual at- 
traftion made to revolve about each other, and alfo 
about a fixed point -, and if their diftances from that 
fixed point, be reciprocally proportional to thei^ 
q.uantities of matter, that is to fay, if as much as 
one body exceeds the other in quantity of matter, 
fo much is its diftance from the fixed point excee Jed 
by the other's diftance from the fame point •, or what 
^mounts to the fame thing, if the produdt ^rifing 
from the multiplication of one body into its diftance 
from the fixed point, be equal to the produdl arifing 
from the like multiplication of the other body in- 
to its diftance from the fixed point, their central 
forces are equal. For as the two bodies muft of 

necefljty 
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flcccffity perform their revolutions in the fame time ; 
the number of their revolutions in a given time is 
given : and therefore by the fourth general exprcf- 
fion, F is as QD, that is, the central force is a^ 
the produ6t arifing from the multiplication of the 
quantity of matter into the diftance from the cen- 
ter, or fixed point ; but by fuppofition the p,rodu(9: 
of one of the bodies into its diftance from the fixed 
point, is equal to the produft of the odier hito 
its diftance, confequently, their central forces arc 
equal j for which reafon neither of them can fly ofF 
from the fixed point fo as to draw the other after it ; 
for however ftrongly either of them endeavours tq 
recede by virtue of its own centrifugal force, it is 
with equal ftrength drawn the contrary way by the 
centrifugal force of the other. But if the diftances 
of the bodies from the fixed point be not rccipro^ 
cally proportional to their quantities of matter; that 
body, whofe diftance with regard to the diftance of 
the other is greater than in the forcmentioned pro- 
portion, will fly off and draw the other after it ; 
for in this cafe, the produdl of the former body into 
its diftance from the fixed point is greater than the 
produft of the latter into its diftance; which pro- 
du(5ts being as the centrifugal forces of the bodies, 
the former body will have a greater centrifugal force 
than the latter, and of courfe muft recede from the 
fixed point, and drag the other after it ; all which 
is fully^ confirmed by the following experiments. 
Let two equal balls be tyed together by a fmall Exp. i9» 
chord ; and let them be laid in one and the fame 
trough, one at each end, fo as that the chord being 
ibetched may have its middle point juft over the 
center of the table ; let then the table be turne4 
about, and the balls will revolve about the center 
without flying off either way ; and continue fo to 
do as long as the motion of the table lafteth. And 
the fame thing will likewife happen tho' one ball be 
(louble the other, provided its diftance from the 
3 center 
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center of the table be but one half of the dlftancc of 
the fmaller. But when equal balls are made ufe 
of, if one of them be placed at a greater diftance 
from the center than the other, upon turning the 
table it will fly oflF and draw the other after it. So 
likewife when unequal balls are nnade ufe of, fhould 
that which is double the other be placed at a dif- 
tance from the center greater than one half of the 
diftance of the fmaller, it will fly off and draw the 
fmaller after it. And on the other hand, if the 
diftance of the larger be lefs than half the diftance 
of the fmaller, the fmaller will in that cafe fly off 
and draw the larger after it, - 

LECTURE IV. 

/ Of the Composition and resolution 
OF Motion. 

THE ferond Law of nature, refuking from 
the inertnefs of matter, is, that whatever 
motion, or change of motion is produced in any 
body, it muft be proportional to, and in the direc- 
tion of the force imprcflfed. For fince a body cannot ' 
by reafon of its ina<5livity contribute to the pro- 
duftion of its own motion, or of any change there- 
in, it is plain, that whatever motion or change of 
motion is generated in any body, it rnuft intirely 
proceed from the force impreflfed on the body -, and 
of confequence, fmce eflfefts arc ever proportionate 
to their adequate caufes, muft be proportional 
thereto. And it muft likewife be direfted and de- 
termined towards the fame part with the generat- 
ing force. Wherefore if the body whereon the im- 
prefllon is made, was in motion before the impulfe, 
that motion will be retarded or accelerated accord- 
ing as the force imprefled oppofes it, or confpires 
therewith •, or if it afts obliquely to the fame, the 
diredion thereof will be changed, and the body 
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will move in a dircdion ficuat^d between the direc- 
tion of its former motion, and that of the impreff- 
cd force. For inftance, if a body moving from 
A towards B, be itjipclled at the point A by a 
force afting in the direftion A C, it will move along 
a line as A D placed between A B and A C, the 
fituation of which may be thus determined. Let 
the lines A B denote the velocity wherewith the 
body moves in the direftion A B ; and let A C de- 
note the velocity wherewith the body would move 
by virtue pf the impulfe along the line AC, fup- 
pofing ic had no other motion : that is, let A B be 
to AC as the fpace defcribed by the body in a 
given time in the diredlion A B, to the fpace de- 
Icribcd by it in the direftion A C, each of the mo- 
tions being confidered fingly and apart ; then com- 
pleating the parallelogram A B D C, and drawing 
the diagonal A D, that diagonal is the line in which 
the body moves ; for the proof of which, let us 
fuppofe a fmall inflexible wire equal in length to the 
line A B, to pafs thro' the center of a ball, and 
that whilft the ball moves uniformly on the wire 
from A towards B, with a velocity which is as A B, 
the wire is alfo moved uniformly from A B to- 
wards CD, with a velocity which is as AC, and 
in fuch a manner as to be always parallel to AB, 
and with its extremities to dcfcribe the lines A C 
and B D. Then, forafmuch as the fpaces defcribed 
in a given time where the motions are uniform, arc 
to one another as the velocities of the motions ; it 
is evident, that in whatever time the ball moves 
the length of the wire, in the fame time will the wire 
move the length of A C, to wit, from A B to C D ; 
consequently, at the end of that time the ball will 
be found in D at the extream point of the diago- 
nal A D. From any point in the diagonal taken 
at plcafure as E, let the line E F be drawn parallel 
to D B, and from the nature of fimilar triangles, 
A F will be to F E, as A B to B D, that is, as the 

velocity 
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Lscr« velocity of thfe ball to the velocity of the wiref 
J[^^ confequcntly, in the fame time that the ball movci 
the length of A F along the wire, the wh^ wiH 
tnove the length of F E, from A B to K L ; and 
the point F, whkh i^ the place of the ball on the 
wire^ will be fouhd in £, And what has been 
thus proved in relation to the two points D and E 
of the diagonal^ may in the very fame manner be 
demonftrated of any other point in the fame line \ 
Whtttfbre the ball will by virtue of its own motion^ 
and thit of the wire, whereof it partakes, be car- 
ried in fuch a manner as to be always found in 
«he diagonal A D ; that is, it will by virtue of its 
compound motion defcribe the diagonal line. This 
being fo, it plainly follows, thit if the wire be 
> taken away, and the ball at A have two motions 
imprclftd upon it at once ; one in the direftion 
A B, the other in die direction A C ; and if the 
motions imprefied, or, which is the fame thing, if 
the forces iriiprefling thofe motions be to one ano- 
ther in the proportion of A B to A C, the ball wiH 
by virtue of the double impreflion, move along 
«he diagonal A D. For as to the effed it matters 
tH)t whether the motion which the ball has in the 
diredion A C arifes from a force impreffed on it at 
the"point A, or whether it be communicated by a 
wire fupporting the ball, and carrying it along with 
, it in that direftion. 
Exp. II. To confirm this by an experiment, let three 
ivory balls of equal fize, be fufpended from three 
pins by firings of equal lengths, and let the middle 
ball reft over one angle of a wooden fquare ; then let 
each of the cxtream balls be let fall feparately from 
the fame height, in fuch manner as to ftrSce the 
middle ball in the direftion of one Mt of the fquare, 
and the middle ball will by each of the ftrokes made 
Separately, be moved along over that fide of the 
fquare, which correfpondeth to the direftion of thi 
flrofcci but if the two balls be at the fame inftant 
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(rfrimfc let fall from equal heights, fo as that they 
mty ftfike the middle bail at once, and in the di- 
r^iorts of the two fides of the fquare, the middle 
ball will by the double ftroke, be driven over the 
dkgettal of thd^ftftare. 

As a ooTRdLLAHy it follows, that a body will in 
Ihfe fame timedefcribe the diagonal AD of apa- 
ralid&grkiTl vrith two forces conjoined, that are to 
^ne atidtSier as the fides A B and A C, that it would 
the ngfpeftive fides with each of thofe forces fe- 
pftrately. As alfoi, that the velocity wherewith a 
body ttibves along the diagonal, is to the velocity 
whefewith it is carried along the fides when acjled 
Upoti by each force fingly, as the diagonal to each 
fide rert)eS!ively : confequently, if the two forces 
be givehj the velocity along the diagonal, which 
Urifes ft^rti the cOnjundion of both forces, will be 
fo rtluch the gfeater, by how much the angle BAG 
is lefs ; f6r as that angle is diminiftied, the diagonal 
^hich ih this cafe denotes the velocity, is lengthen* 
ed, till at laftthe angle vaniftiing by the coincidence 
ttf the fides, the diagonal becomes equal to both the 
fides tiken together; Ind the velocity of the body 
t»qual to the fum of the velocities wherewith the 
body ^ouid itiove^ were each of thofe forces im- 
prefled uJdoji it in the fame direction. Thus the pi. j. 
Kfies A B and A C being placed at three different Fig. 2. 
angles, fo ^s to conftitute the fides of three differ- 
ent parallelogfams, (the diagonals whereof are re- 
prefented by the pricked lines) it is evident to fight, 
that as the ingfe 6 A C grows lefs, the diagonal 
git)ti*s longer i and that when the angle vanifhes by 
the coincidence of A B with A C, the diagonal A D PI. 2. 
becomes equal to AC and CD, that is, to AC ^^S-3* 
aftd A B •, and the velocity denoted by AD, is in 
tt^at eafe a ^ikifHU^^ or the greatefl: that can arife 
fro^ the ^onjundion of thofe two forces. On the 
Other feand, as the angle inlarges j the velocity along 
the diagonal muft decreafc, till at length the angle 
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vaniftiing by the two fides becoming one right line> 
the velocity becomes equal to the difference of the 
velocities, arifing from the impreffion of each force 
when made fingly and feparately. Thus the lines 
A B and A C being as before placed at three diffe- 
rent angles B A C, it is evident that the diagonals 
A D reprefcnted by the pricked lines, grow fcorter 
as the angle B A C inlarges -, till at laft the angle^ 
and wiih it the diagonal vanifhing, the two fides 
Pr. 2. B A and A C conilitute one right line as B A Q 
^^2- S- wherein the body is, as it were, carried two con- 
trary ways, to wit, from A towards B by the force 
/ which afts in the diredlion A B, and from A to- 

wards C by the force afting in the diredioiv A C ^ 
and the difference of the velocities, which arife 
from the impreffions of the two forces when they 
aft feparately, is the velocity wherewith the body 
actually moves in the direftion of the ftrongcr 
force, which velocity is a minimum^ or the leaft ve^ 
locity that can arife from the joint aftion of thofe 
two forces. 

As a fccond corollary it follows, that a body 
may be moved thro* one and the fame line by num- 
berlefs pairs of forces adting upon it. For if in- 
Pl. 2, ftead of the force, whofe direftion is A B, we fup* 
Tig. 6. pofc another, the direftion whereof is A E ; and if 
inftead of the force afting in the direftion A C, wc 
fuppofe one to aft in the direftion A F, and that 
thofe forces are to one another as A E to A F ; 
then compleating the parallelogram A E D F, the 
line A D will be the diagonal of this parallelogram, 
as well as of the former ; and therefore the body 
will from the joint aftion of thefe two forces dc- 
fcribc the fame line A D which it did before : and 
as A D may be made the diagonal of numberlefs 
parallelograms, it is evident that it may be dc- 
fcribed by a body afted upon by numberlefs pairs 
of forces in different dircftions. And not only fo, 
but it may likewifc be dcfcribed by a body, where- 
on 
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on ^ great number of forces aft at the fame time; 
for as the forces acling upon the body in the direc- 
tions AB and AC make it to move along the di- 
agonal AD, fo may the diredion along AB arife 
from the direftions of two other forces, and each of 
thofe from the dircftions of two others, and fo on 
Ifvithout number. Hence we fee, that all forces 
and motions whatever may be refolved into innu- 
merable forces and motions ; and any fimple direft 
force or motion may be looked upon as com- 
pounded of innumerable oblique forces or motions. 
For the line and diredtion of the motion is the fame, Pl« «. 
whether that motion be compounded of two mo- ^^^* ^* 
tipns arifing from forces impreffed in the direftions 
AB, AC, or in the direftions AE, AF, or arife 
from the impreffion of a fingle force in the direftion 
AD; and therefore the motion along the line AD, 
tho* it be fimple, arifing from one fingle force afting 
in that dire^ipn, yet may it be confidered as com- 
pounded of two or more motions in other diredions, 
fuch as A B and A C, or A E and A F, fince the 
very fame motion would arife from fuch a compo- 
fition. 

This compofition and refolution of motions and 
forces is of fingular ufe in mech^nicks ; for by the 
help thereof, the efFcds of powers afting in oblique 
direftions %re readily determined, as will appear 
hereafter. 

The third law of nature arifing from the 
inertnefs 6f matter is, that reaftion is always equal 
p aftion, ^nd contrary thereto ; or, in other words, 
that the actions of two bodies, one upon another, 
are conftantly equal, and in directions contrary to 
each other ; fo that whatever change is made in the 
ftatcof ope body, whether at reft or in motion,. by 
rte adtion of another-, the f^me change is pro- 
duced in the ftate of the other by the rea.dlion of the 
former ; but the tendencies or direftions of tliofe 
changes arc contrary ways. Thus, when one prefles 
E a ftone 
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LlRcT* a done with his finger direftly ddwnw^fd^ the fiA-i 
JXl . S^ ^^ equally prelTed by the ftone, and that dirtft- 
ly upwaiHd, And ivheh a horfc draws a load, ht is 
equally drawn back by the load ) for as much as he 
promotes the prog^eft 6f the load, fo much is he 
retarded in his own motion -, that is, he is in cffe^ 
drawn back ; for the fame force of mufcles and 
linews, which he eicerts in order to drag on th* 
load, would, if he w^i freed from the inculnbrance^ 
carry him forward to k diftance much greater than 
what he reaches in the fame time whilft tied to the 
load ( and confequently, as far as his progrefs falleth 
fhort of that diftance, fo much is he in feffeft drawh 
back; ftnd whatever motion he communicates to 
the load, fo much does he lofe of his own, the load 
reading upon him with the fame force that he afts 
upon it J for which reafon, if by addition of weight 
the load be fo far increafed as to require the whole 
ftrength of the horfe to nriovc it, no motion Will 
enfue, the whole power of the horfe, wherewith 
he endeavours to go forward, being but juft eqml 
to the reaiStion of the load whereby he is drawn 
back. This equality of adlion and reaAion obtaini 
in all kinds of attractions whatever. When a load* 
ftone attracts a piece of iron, it is equally attrafted 
by it ; as will appear from the following cxpc- 

Exp. 12. riment. Let a piece of iron and a loadftone 
equal in weight, be fufpended by two cords of an 
l?qual length, and let the diftance between them 
be fo fmall, as that they may not be out of the 
reach of each other's attradion ; then will they, 
from a ftate of reft, begin to move towards each 
other, and that with equal velocities fo as to meet 
at the middle point of th^ir firft diftance : if they 
be again feparatcd, and the loadftone fi^ed, the 
iron being* fufpended at the fame diftance from 
it as before, will move towards it, fo as at length 
to touch it, and adhere thereto. And on the other 
hand, if the iron be fixed^ and the ftoiie movjcable, 
. ' .6 the 
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the flcme trifl dpproteh tlue Iron in the fame manner 
as tbc iron dkS the ftonci all which plainly fliews 
tiiat cbc aiiCrji&ion between the loaftone and iron h 
soctial^ the one drawti^ the other as much as ic is 
drawn by it: fo that the rea<5tion of the iron upon 
the Aofit IS cxa&ly equal to iSie aftion of the ftone 
ugiontbcimn* 

Theequalky of a<^ion and neaSion with re^^eft 
to attra&ions is likewife manifeft from beoce, 
(bat if a man placed m a boat, draws another boat 
by means of a rope fattened thereto ; the boat 
wfaereki cfae man is placed wiil be equally drawn 
wiib the other^ and the two boats wBl approach 
one another with equal iquandties of moDKtai ; £> 
that if they be eqi/ial in iMeight jainl of the £ime iiaie 
aad flupe; thoy will appfioach -wixk eqwl fdbdtiei, 
:aadaneetiKt the middle point t buttf ^we be hearrior 
than ebe odkei'^ then by howionieh it esoeed^ the 
other in wc^ht, by fo isuch wall it be exceeded by 
the other in the veiocifyof stsmooion^ foranftacct, 
if the wei^t of one be to the wdgfat of the other 
as one to two, then wUl the velocity of the lormer 
be to the velocity of the latter .as two to one ; that 
ih their Yelocitijcs will be rec^pix)cally proportioiml 
to their weights. To cotifirm this by an expeci- Exp* 13: 
ment, let a cord be m^e frit to one «end of a 
^aH boat; and let it pa& over a puUey £xed to the 
end of another fmall boat of the &me ihape arnl 
fixe, and let a weight be tied to the end of the 
cord, and bang in the \water ; this being done, 
let the boats be placed at fucb adiftance as that the 
coed may be ftretdied, then letting go the boats 
the weiigfat v^ dsfcendtf and in defoending draw 
the boat to^hofe end the cord is faftened towards 
the Gthcr^ and at the fame time the other will move 
towards it i ^and when they come together^ the fpace 
defcribod Hoy tbc boat whofc weight is as one, will 
be to the fpcce defcr^bed by the boat, the weight 
whereof ii as two, as two to one; that is^ if the 
E 2 diftance 
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diftance between the two boats be divided into three 
equal parts^ that boat which is double in weight to 
the other, will move thro' one of thofe parts in (he 

•fame time that the lighter moves through the other 
two* 

Asdaion and reaftion arc equal with regard to 
attradtions, fo are they likewife in refpefi of ftrokes 
or imptilfcs made by bodies one upon another ; the 

c force of two bodies^ (teiking each other equally^ 

: affefting the motions of both, and producing equal 
changes therein towards contrary parts. On this 
equality of aftion and reaftion do the fcveral laws 

.which have been colle(aacd concerning the collifion 

•^of folid bodies in a great meafure depend ; which 
laws, as they relate to bodies void df clafticity, I 
ihall now explain •, in doing of which, I (hall lay 
down^ one general proposition coticerning the 
coUifion of fuch bodies, whence I fhall deduce the 
laws of particular cafes, and at the fame time con- 

.ifirm each law by an experiment. 

The PROPOSITION is as follows t If two bodies 
i)oid of elajticity move in one right line, either the fame 
or contrary ways, fo as that one }fody may ftrike di- 

' reSly againji the other ; let the fum of their motions 
before the firoke when they move the fame way^ and 
the difference of their motions when they move xon-- 
traty ways', he divided into, two fuch parts as are pro- 
portional to the quantities of matter in the bodies \ and 
each of thofe parts will refpeSlively exhibit the motion 
cf each body after the firoke. For inftance, if the 
quantities of matter in the bodies be as two and one, 
and their motions before the ftroke as five and four, 
then the fum of their motions is nine, and the dif- 

: ference is one ; and therefore when they move the 
fame way, the motion of that body, which is as two, 
will after the ftroke be fix, and the motion of the 
other three : but if they move contrary ways, the 
motion of the greater body after the ftroke will be 
two thirds of one, and of the leflir one third of one. 

For 
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For fiqCfe the bodies ai-e fuppofcd to be void of 
elafticity, they will not feparate after the ftroke» 
butitnovc together with oac and the fame velocity ; 
ani) of confcquence, their motions will be propor- 
tional t(> their quantities of matter ; and from the 
equality of adlion and reaction it follows, that no 
motion is either loft or acquired by the ftroke when 
the : bodies move the fame way, becaufe whatever 
modon one. body imparts to the other, fo much 
muft itlofe of its own ; confequently the fum of 
their motions before the ftroke is neither increafed 
Bor.diminiOiQd by the ftroke, but is fo divided be- 
tween the. bodies, as that they may move together 
with one common velocity, that is, it is divided be* 
tween the bodies in proportion to their quantities 
of matter ; but it is otherwife where the bodies 
move contrary ways ; for then the fmallcr motioa 
will be deftroyed by the ftroke, as alfo an equal 
quantity of the greater motion, becaufe adlion and 
reaAion are equal ; and the bodies after the ftroke 
will move together equally fwift, witk the diflfe- 
rence only of their motions before the ftroke ; con- 
fequently, that difference is by means of the ftroke 
divided between them in proportion to their quan- 
tities of matter. 

The feveral particular cafes concerning the colli- 
Ooft of bodies may be reduced to four general ones* 
For, I ft, it may be that one body only is in mo- 
don at the time of the ftroke. Or, adly, they 
may both move one and the fame way. Or, jdly, • 
they may move in dire6b oppofition to each other, 
and that with equal quantities of motion. Or, 
laftly^ they may be carried with unequal motions 
ifl dired^ions contrary to each other. As the bodies* 
may be cither equal or unequal, each of thefe four 
general cafes may be looked upon as confifting of 
two branches -, and as fuch I fhall confider them, 
4nd treat of them in th? order, wherein I have laid: 
^fipdpWJI. , . 

E 3 As 
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As to the firft) if » body in motiM ftriket ano« 
ther equal body atreft^ tbey will bf thcr {yropofi-* 
tion move together, each of them with one half i^ 
the motion that the body had which mk% in mo^toff 
before the ftroke ; and flnce the qumtity of ipotton 
in any body^ i& as the prodq6t fifing from the 
multiplication of its quantity of matter into its ve* 
locity ; the common velocity of the two bodies; 
will be bqt one half of the velocity 0# die moving 
lExp. 14. body before the ftrolce* For the confirmattori 
whereof let two equal balls of cljiy be fufpended 
from two pins of an equal height, by threads of an 
equal Jength, and in fuch a manner^ a^ that when 
fhey hang freely they may juft touch one another^ 
and that their <^enters and point of contaft may li6 
in a right line parallel to th$ horfeoft. This being 
done, and one of the balls being at reit» let the 
Other be removed to any diftance from it, and therj 
let fall -, it will in its defcentdefcribe the arch of b^ 
circle, Md by the time it ariives at the loweft point 
ef the arch, that ts^when it comes to touch the 
qutefcent ball, it will have acquired fuch a velocity 
as would carry it to the fame height from which it 
fell, as fcall be ibewn whpn I come to treat of pen*- 
dulums 5 and qonfcquently, if the Other ball was 
Mmovtd, would a^oally afcend to that height j but 
upon ftriking the orhier ball, which is of equal €i%tl 
k will communicate one half of its motion to it, 
and they will move together with half the vjfclocity 
that the moving body had at the time of the 
ilroke, fo as to afcend to one half only of the 
height from which the ftriking body felL 
; That the nature of this and the ophcr e^peti-" 
ffients relating to the colUfion of bodies may be 
more readily compreliended, I (ball lay iiown fome 
things concerning the morion of bodje^ ihrd* tb<: 
arches of circkfe, the tmh whereof ihuH be djN 
monftrated in my k^hiire open pendulums. And 
Ijrft, all the arches of a circle, proyided ^hcy be< 
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,not lar^e, are defcribed in equal times by bodies 
dcfccnding along them j and therefore i^ two bo- 
dies be let fall at the fame time, one frqni C and 
the other from E, or from D and F» thtq^ will 
both arrive at the loweft point B, at one and the 
fame time • and the ftroke of the fubfeqq^nt body 
upon the preceding will be made at B : and for the 
fame reafon if one be let fall from C, and the other 
from D or F, or one from E, and the other 
from D or F, they will meet and ftrike one ano- 
ther at B« 

2dly, The velocity which a body acquires in 
falling thro^ the arch of a circle, is as the chord of 
the. arch 5 that is, the velocity of a body which has 
fallen from C to B, is to the velocity of a body 
that has fallen from E to B, as the chord C B to the 
chord E B, And here I muft obferve to you, that 
when in the following experiments I fpeak of a 
body falling from, or rifing to any height, as four, 
fix, or ten inches, I would be underftood to meaA 
it of a body's falling thro' or moving up m arch, 
whofe chord is of fuch a length, 

gdly. The velocity wherewith a body begins to 
rife up thro' the arch of a circle, is as the chord pf 
the arch which the body defcribes in its afcenjt. 
Thua the velocity wherewith a body begins to move 
from the point B towards D, if it afcends as high 
as D, is as the cho?d B D, but if it rifes only to F, 
the velocity is as the chord B F* So that in the 
experiments the chords of the arches thro' whii;h 
the bodies defcend, exprefs the velocities of the 
bodies in the point B at the time of the ftroke ; and 
the chords of the arches thro' which the bodies 
afcend after the ftroke exprefs the velocities of the 
bodies immediately after the ftroke. 

Thefe things being laid down, I Ihall now pro- 
ceed to determine the laws of the four general caf^* 
As to tJic firft, it has been already ftiewp, th^t 
E4 ^herc 
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where the moving body is equal to the quiefcent, 
the common velocity of the two bodies after the 
ftroke, is but one half of the velocity of the mov- 
ing body before the ftroke ; and of confcquencc 
the motion of each body after the ftroke, is equal 
to one half of what the moving body had before 
the ftroke. But if the quiefcent body differs in 
fize from the moving body, then the common ve- 
locity after the ftroke will be fo much lefs than the 
velocity of the moving body before the ftroke, by 
how much the fum of the two bodies exceeds the 
body which was firft in motion. Thus if the 
moving body be to the quiefcent as two to one, 
the common velocity after the ftroke will be to the 
F?P" *S? velocity of the moving body before the ftroke, as 
two to three ; wherefore if a ball of clay, falling 
from thie height of nine inches, ftrikes another at 
reft, and of one half the magnitude, they will 
afcend together to the height of fix inches only: 
and on the other h^nd, if the larger be quiefcent, 
and the fmaller falls from the height of nine inches, 
they will afcend to the height of three inches only; 
and the quantity of motion in each body imme- 
diately after the ftroke will be had, by multiplying 
each of them into the common velocity. 

As to this and all other experiments of this na- 
ture, it muft be obfcrved, that they do in fome 
meafure vary from the theory,' and that for two 
reafons. Firft, becaufe clay or any other body, 
wherewith thefe experiments can be made, is not 
perfeftly void of elafticity . Secondly, becaufe the 
air refills the rnotions of the balls, and by fo doinjg 
diminiflies their velocities. 

As to the fecond general cafe, where both the 
bodies are in motion before the ftroke, and move 
• Che and the fame way : In order to find their: com- 
mon velocity after the ftroke, let the fum of their mo- 
tions before the ftroke, be divided. by the fum of the 

bodies, 
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bbdies, and the quotient will exprefs the common 
velocity. Wherefore if two equal balls of clay 
be let fall at the fame time, one from the height cf 
jthree inches, and the other from the height of fix, 
after the ftroke they will afcend to the height of 
four inches and an half; for as in this cafe the bo^ 
.dies are equal, their motions are as their velocities^ 
that is, as fix and three, the fum of which being 
divided by two, the fum of the bodies, gives four 
and an half for the conimon velocity after the 
ftroke. 

Where the bodies are unequal, let us fuppofe the Exp. 17 • 
preceding body to be as one, and to fall from the 
jieight of three inches as before, fo that its quantity 
of motion will be as three ; and let the fubfequent 
bo4y be as two, and fall from the height of fix 
inches, fo that its quantity of motion will be twelve j 
and the fum of the two motions will be fifteen, 
which being divided by three, the fum of the two 
bodies, gives five in the quotient; fo that in this cafe, 
after the ftroke, the balls will afcerid to the height 
of five inches, and the motion of the greater will 
be as ten, and that of the fmaller as five. 

As !cp the third general cafe^ where the bodies 
move in direft oppofition to each Other, if they 
have equal quantities of motion, they will- upon 
the ftroke lofe all their motion, and continue at 
reft ; for by the propoficion, the bodies after the 
ftroke will be carried with the difi^erence of their 
motions before the ftroke ; which difference is fup- 
pofed to be nothing. Wherefore, if two equal Exp. 18. 
bal)3 of clay be lee fall at once from equal heights, 
upon the ftroke they will ce^fe to move ; and the 
fame thing will happen where the balls are unequal, . 

provided the heights from which they fall are reci- 
prpcally proportional to their quantities of matter ; 
for inftance, if the. balls be as one and two, let the Exp. 19. 
former fall from the height of fix inches, and the 
jatter fron] the height pf three, and upon their 

meeting 



Digitized by VjOOQIC 




Op the collision op 

meeting they will ftand ftill, for in this cafe, the 
quantities of nfKKion, wherewith they oppofe each 
other, will be equal. 

When two bodies meet with unequal quantities 
of motion, if the difference of their motions be di- 
ifidcd by the fum of the bodies, the quotient will 
exprefs their common velocity after the ftroke ^ 
for by the propofitipn, the difference of their mo- 
tions before the ftroke is equal to the fum of their 
motions after the ftroke ; confequently, that diffe- 
rence divided by the fum of the bodies muft ^ive 

15xp, lo. the velocity. Whercfojpe, if two equal balk of 
clay be let fall at the fame time, one from the 
height of three inches, and the other from the 
height of fix, after the ftroke they will afcend to- 
gether to the height of an inch and an half; for 
fince the balls are equal, their motions will be as 
their velocities, that is as fix and three, the diffe* 
rcnce whereof is three, which being divided by two, 
the fum of the bodies, gives one and an half in the 

Exp. 21. quotient. If the balls be unequal in the propor- 
tion, for inftance, of two to one-, and if that, which 
is as two, falls from the height of fix inches, and the 
other from the height of three 5 after the ftroke 
they will afcend together to the height of three 
inches-, for the greater ball being as two, and its 
velocity as fix, its motion* is as twelve ; whereas the 
fmaller being as one, and its velocity as three, its 
motion is likewife as three, which being fubdufted 
from the greater motion leaves a remainder of nine; 
und this being divided by three, the fum of the 
)3odies, gives three for the common velocity, or the 
height to whfch the bodies will rife. 

In order to difcover the quantity of motion eoni* 
municated by one body to the other, I Aall lay 
down four rules adapted to the four general cafes. 
And Firft, if one of the bodies be quiefcent at the 
time of the ftroke, let that body be multiplied into 
the common velocity after the ftroke, and the pro- 
• dudt 
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fiu6t will exprefs the communicated motion. For 
Sncc that body had no motion be£Dre the ftroke, it 
is manifeft, that whatever motion it has after the 
ftroke muft be communicated to it by the ftriking 
body 9 but that motion is as the produft arifing 
from the mukiplication of the quantity of matter in 
the body into the common velocity ; confequently^ 
that product exprefles the communicated motion. 

Since the body which is at reft before the ftroke 
has no motion but what is imparted to it by the 
ftrikinp body ; and fince the motion of the ftriking 
body IS by the propofition to be divided between 
the two bodies in proportion to their quantities of 
matter ^ it follows, that where the ftriking body is 
greater than the quiefcent, it will communicate lefs 
than half its m<Vion, and where it is equal to it, it 
will impart one half; and where it is lefs, more 
than one half; and if the quiefcent body be infi« 
nitely great with refpcift to the ftriking body, which 
is in effcd the cafe whcrie the quiefcent body is fixed* 
fo as not to give way to the ftroke, the ftriking 
body will import all its motion to the other ; for 
^s the quiefcent body is fuppofed to be infinitely 
greater than the ftriking body, the motion, which it 
receives from the ftriking body, muft bear an in- 
finite proportion to the motion remaining in the 
flrifctng body ; but as the motion comtpqnicated is 
a finiiie quantity, it cannot bear an infinite propor- 
tion to the remaining motion, unlefs that remaining 
motion be in its cvanefccnt ftate, and reduced tQ 
nothing. 

Wben both the bodies are in motion befoie the 
ftroke^ and their motions are direfted the fame 
jray, which was the fecond general cafe \ the rule 
for determining the quantity of motion communi- 
cated is as follows. Let the preceding body be 
multiplied into the comnxm velocity after the ftroke, 
and from the produft let the nK>tioa which it had 
before th(5 ftroke be fubdufted, and the remainder 
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will be the motion communicated. For the produft 
arifing from the multiplication of the preceding 
body into the common velocity gives the whole 
motion of that body after the ftroke ; and therefore, 
if from thence be taken the motion which it had 
before and independcrit of the ftroke, the remainder 
muft be the motion acquired by the ftroke. 

When the bodies move towards one another with 
equal quantities of motion, as in the third general 
cafe; the. motion communicated is equal to the 
motion of either before the ftroke. For as in this 
cafe, both their motions are dcftroyed by the ftroke ; 
it is plain, that whichever of the bodies is confidered 
as giving the ftroke (and either of them may) 
it muft communicate juft as much motion to the 
other, as the other has at the time of the ftroke; 
for by this means the motion communicated^ as it 
is direftly oppofed to the former motion of the 
body, will be juft fufficient to deftroy the fame, and 
by fo doing caufe the body to reft. 

When the quantities of motion in two bodies 
moving direftly towards each other are unequal^ 
which is the fourth general cafe -, the motion com- 
municated is determined by the following rule. 
Let the body which had the lefler motion before 
the ftroke be multiplied into the common velocity 
after the ftroke, and to the produ6t let the motion 
which it had before the ftroke be added, and the 
fum will be the motion communicated. For as the 
body, to which the motion is communicated, does 
after the ftroke move in a direftion contrary to 
what it did before, it is evident, that befides the 
mption wherewith it is carried in th^t contrary di- 
redtion, it muft have received as much more in the 
fame jdire(5^ion, as was fufficient to withftand the 
inotion it had before the ftroke in an oppofite di- 
reftion ; for till that motion was deftroyed by an 
fqual motion oppofed thereto, the body could not 
phapge its difcftion* an^ ipove backward. 

:^ECTyRE 
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L E C T U R E V. 

Of the Collision of Elastick Bodies. 

HAVING given you an account of the colli- 
fion of bodies void of Elafticity, I conoc now 
to confider theeffeds thereof in fuch as are elaftick; 
by, which I mean bodies that confift of fuch parts 
as yield and give way when prefled, and which re- 
ftore thcmfclves upon the removal erf the preffurc : 
if the force wherewith they reftore themfelves be 
exactly equal to the prefliire whereby they are bent 
inward, then are the bodies faid to be perfeftly 
elaftick ; and fuch are all thofe bodies fuppofed to 
be, wherewith experiments are ufually made for 
confirming the theory relating to the collifion of 
elaftick bodies; but as there is not perhaps in nature 
any body perfedlly elaftick, if among the experi- 
ments that are now to be made, any fliall be found 
to vary a little from the theory, fuch variation muft 
be looked upon as rifing rather from the want, of 
perfed elafticity in the bodies, than from any error 
in the theory itfelf, or in the calculations grounded 
thereon. 

The method which I ftiall obferve in treating of 
the percuflion of elaftick bodies is this ; Firft, to 
. lay down one general propofirion concerning fuch 
percuflion, and then. Secondly, to deduce the laws 
relating to the four general cafes mentioned in my 
laft Icfture, and to confirm each of thofe laws by 
experiments. 

Before I lay down the propofition, I muft obferve 
to you, that wherever I mention the ftriking body, 
1 thereby mean that body which is in motion where 
one of the two is quicfcent, as alfo that body which 
moves fwifteft when they both move the fame way ; 
and laftly, that body which has the greateft quan- 
tity 
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tity of motion, when they move in oppofition ta 
one another, or in this cafe, if their motions bcf 
equal, then either of them may be taken indiffe* 
rcntly for the ftriking body. ' 

Tnis being pfemifed, the proposition is as 
follows. 

If of two iodks f»ffi£ify tk^tk^ orn h ai nft^ aid 
tbt Mk^ i^ atoiioni or ^ ibiy imtb move either tie 
ftme or ^onir^^wMys^ fo ns thai one fiail ftrike the 
^er \ let tbem be totifidered as 'Vaid of elaftuity^ emd 
^ the frofofkim J^id down in ovf loft leBmre^ iet the 
•motion of each bodf after tbeftroise be fomid^ and hy 
one of the four mks laid down in the fame ieflnre^ lot 
the motitfn comvmnitated by the ftrHing ioiy to the 
other be likewife fowtd \ and kt this nntivn be fitb-- 
dulhd from the motion of the ftriking iody t^Ser the 
firoke^ and added to that of tbebodjf which mceivod 
/he ftroke^ and the r^dtte vtUi ie ibe matum ^ftbe 
ftriking body^ amd thefim the maiion of the otker body 
after refie&ion. For, fince the bodies aFefumaoTed fio 
be /perfe(5Uy elaftick, their parts which are beot on 
by the ftrok^ will reftone themfelvcs with a Ibroe 
equal to that which bends them in ; but the foroe 
which bends them m^ is meafured by the quantity 
of motion communicated by the flrrkmg body tx> 
the other, and therefore the parts of each body 
which are bent inward will rdbore themfc4«s with 
' iuch a force, as is fufficient m generate a motion 
equal to that which is communicated ; ooafequeBtly 
the bodies will by virtue of their elafticity throw 
one another contrary ways, each with a quantity 
of motion equal to that which the flriking body 
communicates to the other •, for which reafon, if 
that motion be fubdud:ed from the rtibtion re- 
maining in the ftriking body after the ftroke, as 
being contrary tliereto, and added to tiie motion 
of the other body after the ftroke, as confpiring 
therewith, the refidue and fum will give the true 
motions of the bodies after refledion. 

To 
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To ippljr ^at has been fttd to tie four general LitcTf 
ctfcs, the firft whereof is where one of the bodies Y* ^ 
is dt reft at the time of the ftroke. If i body per- ^"^v*^ 
idStlj efeftick ftrikts toother of the famie kind and 
of equil magnitude at reR:^ thb ftHking body will 
cocnmuntcate all its motioii to theotherand remain 
at reft; for by the firft of the fotiir rulto laid down 
in Qfiy lafl lefborfe^ the ftriking body will opon the 
ftn^e, communicate half its nfUKion^ al^dby the 
prOpofidon now laid down» a quantity of niotio]:^ 
equal to that which is communicated, ttiufl be fob- 
du6ted from the motion regaining ill the ftriking 
bodyj and be added to the nnotion of the body 
whidi receives the flrokc^ by which means the 
ftriking body, will have no motion kft^ bi»t the 
other body wiU have a (Quantity of motion equal to 
what the ftrikiog body had befone the Ihock. For 
the confirmation of which* let two eqfual ivOry baUs ^xp. i. 
be fufpended as were thofe of ciay ; and let one of 
the balls fall from any height, and ib as to ih-ike 
the other at reft, the ball which receives the ftroke 
will afcend to the fame height from which the other 
fell, and wiU leave the other at rcfl. 

If inflead of one there be two, thr^e, or more ^^P* 2» 
quiefcent balls contiguous coxine another, that which 
is fartheft removed from the ftriking ball will fly 
off with the velocity of the flriking ball, and all 
the intermediate balls together with the ftriking 
ball wiii quiefce; for as the ftriking ball imparts aH 
its motion to the firft of the qurdcent balls, fo does 
that in like manner to the ball which lies next be* 
yond it, and that again to a third, and fo on ; till 
at length the laft ball meeting with none otlier to 
refift it, flies off with all the motion of the ftriking 
bail, leaving that and the intermediate ones at 
reft. 

If two balls be let fall together contiguous to one Exp. 3. 
anotteer, upon the ftroke the two fartheft will fly 
-off, leaving the others at reft 5 for as the forenioft 

of 
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of the two moving balls is carried equally fwift 
the fubfequent, it cannot during its motion reed 
any impreffion from the fubfequent ball; coq 
quently, when it makes the ftroke, it will produ 
the fame effe£t in the quiefcent balls as if the fu 
iequent ball was away ; that is, it will by means, 
the intermediate balls communicate all its motii 
to the laft, and make that By off-, but no fooner h 
h made the ftroke, and thereby parted with its o 
motion, but the fubfequent ball impels it, and in 
parts to it all its motion, and this motion beiq 
propagated thro* the feveral intermediate balls i 
before, makes the laft but one to fly ofi^, and th 
in fuch a manner as to keep pace with, and clofe 
purfue the other ; becaufe in the fame infta^nt c 
time that the foremoft of the two moving ball 
makes its ftroke, it likewife receives the ftrokci from 
the hindmoft ball, and of confequence, the flying 
off of the two laft balls, which is the effeft of the 
double ftroke, muft happen at one and the fame 
time. 

Exp. 4* For the fame reafon that two balls fly off where 
the number of ftriking balls is two, three will fly off 
when there are three ftriking balls, and four, where 
there are four, and fo on, whatever be the number 
of ftriking balls, an equal number will conftancly 
go off, 

Exp. 5* If two elaftick balls be unequal, for inftance, if 
one be double the other, and if the greater be let 
fall from the height of nine inches, and ftrikc the 
fmaller at reft ; they will both move forward after 
the ftroke, the ftriking body with one third of the 
motion which it had before the ftroke, and the other 
with two thirds; and the ftriking body will afcend 
to the height of three inches, and the other to the 
height of twelve. For fince the ftriking body is to 
the quiefcent as two to one, it will by the firft of 
* the four rules laid down in my laft Icdture, commu- 

nicate one third of its motion to it, and on accounc 

of 
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if the clafticity a quantity of motion equal to What 
<H communicated, muft bfe taken from the motion 
Remaining in the ftriking bodyi and added to the 
•^'motion of the other; confequently, the ftriking 
body will retain one thitd only of its motion; the 
bther two thirds being communicated to the body 
' I which receives the ftfoke -, wherefore fince the ftrik-^ 
i ; ing body is as twoi and the height from which it 
falls as hine^ its motion muft be as eighteen, one 
third of which, to wit, fix, it will retain after the 
refleftion •, and, the other two thirds, to wit, twelve;, 
will be the tliption of the other body, and thefe 
motions being divided by the bodies, will give threfe 
and twelve for the quotients 5 which quotients are 
as the velcyicities of the bodies after refleftiori, or as 
the heights to which they afcend. 

On the other hand, if the larger ball be quiefcent^ Exp. 6# 
and the fttialler be let fall from the height of nine 
inches, its motion will be as nine, whereof two 
thirds will by the firft of the four rules be commu- 
nicated by the ftroke to the greater, and one third 
only will remain in the ftriking ball, from which 
bn account of the clafticity muft be taken as much 
as was communicated to the larger ball, that is, two 
thirds ; but upon fubdufting two thirds from one 
third, there will remain one third negative, which 
(hews^ that the ftriking ball will be reflefted with 
one third of the motion it had at the time of the 
ftroke^ fo as to afcend backward to the height o£ 
three inches-, and the quiefcent ball, to which two 
thirds of the ftriking ball's motion was commu- 
hicated by the ftroke, will likewife on account of 
the clafticity receive two thirds more, fo as to be 
carried forward with a motion equal to what the 
ftriking ball had at the time of the ftroke^ and one 
third more ; that is tofay, with a motion which is 
as twelve, which being divided by two, the quantity 
of matter in the ball gives fix for the velocity, or 
the height to which that ball muft afcend. 

F From 
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From what has been faid it follows, that when 
the qoiefcent ball is fmallcr than the ftriking ball, 
there can be no reflection, becaufe in that cafe the 
ftriking ball will by virtue of the ftroke commu- 
nicate lefs than half its motion, and the motion which 
is to be taken from the ftriking ball on account of 
the elafticity being equal to the motion communi- 
cated, will upon the fubdudtion always leave fome 
motion in the ftriking ball to carry it forward, con- 
fequently it cannot be reflefted. Where the two 
balls are equal there will likewife be no refleftion^ 
but the ball which was quiefcent will go forward 
with all the motion of the ftriking ball, and the 
ftriking ball will become quiefcent j as is evident" 
from what was faid concerning that cafe. But 
where the ftriking ball is lefs than the quiefcent, it 
will be reftcdled, and there will likewife be an aug- 
mentation of motion in the greater ball; for the 
fmaller ball muft upon the ftroke communicate 
more than half its motion to the greater bal), and 
there muft likewife, on account of the elafticity, as 
much motion be fubduAed from the fmallcr ball, 
and added to the larger, as is communicated; where- 
fore, fince two equal quantities of motion, each of 
which exceeds half of the fmaller bairs motion, - 
are to be fubdufted from the fmaller ball, and 
given to the larger ; it is plain, that the fmaller 
muft lofc all its motioil and fomething more, that 
is, it muft be carried backward or reflefttd ; and 
the greater ball muft go forward with more motion 
than was in the fmaller at the time of the ftroke, 
that is, there will be an augmentation of motion ; 
and the excefs of motion in the greater ball, above 
the motion which the fmaller ball has at the time of 
the ftroke, is ever equal to the motion wherewith 
the fmaller ball is reflefted after the ftroke, as is evi- 
dent from what has been faid. If therefore motion 
be <x)mmunicated from a fmaller elaftick body to a 
Iarger» by means of feveral intermediate bodies each 

larger 



Digitized by V3.00Q IC 



tetASttCRBOl^IES. 

larger than the other, the motion will be augment- 
ed in each of them, and the motion of the laft will 
greatly "exceed that of the firft ; and this augmen- 
tation of motion is greateft when the bodies are in 
a geometrical progreflion •, for inftance, if there be 
two bodies which are as one and four, and if the 
fmaller communicates motion to the larger by nje^ns 
of one intermediate body, the motion will be great- 
er In the larger body, if the middle body be as two, 
that is, a geometrical mean between the two, than 
if it be as one and an half^ or two and an half, or 
threcj or in fliort in any other proportion what- 
ever but that of the geometrical mean. For the 
proof of which> let the leflcr body be exprefled by 
unity, and the larger by the fquare of a, and the 
geometrical mean will be exprefled by a ; fo that 
the three bodies taken in their order from the leafl:^ 
Will be exprefled by the fymbols in the firft ftep, 
and the motion produced in the fecond body by the 
ftroke of the firft:, will be expreflTed by the fecond 
ftep i and the motion produced in the third by the 
ftroke of the fecondj will be exprefled by the third 
ftep* Again, let another body greater or kfs than a 
be fubfl;ituted in the room thereof, and let the dif- 
ference between that body and j* be called x,- iti 
this cafe, the bodies wiH be expreflTed by th^ fym-^ 
bols in the fourth ftep, and the motion produced 
in the fecond by the ftroke of the firft, will be ex- 
prefled by the fifth ftep •, and the motion produced 
in the third by the ftroke of the fecond, will be ex- 
preflTed by the fixth ftep ; 'but this fraftion of the 
fixth ftep Ls lefs than that of the third ftep, for if 
from the produft ari6i*g from the mtrkipiiefttion of 
the denopiinator of this fra^tioft iftto the ftumeramr 
of that be fubftrafted, the produdb which arifes from 
the multiplication of the numerator of this into the 
•dCTAOmiciaftor of that •, that is, if frotft the ftventh 
-ftep the eighth- be fubdufted, th^it wiH remain 
the quantity which is exprefled in- the nmh ftep. 

F 2 Whence 
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Whence it appears, that the former produfk is 
greater than the latter •, and therefore, by the 2d . 
CoROL. of the 19th Prop, of the 7th book of the 
elements, the numerator of the former fraftion bears 
a greater proportion to its denominator, than that 
of the latter fraftion does to its denominator ; that 
is, the fraction in the third ftep which exprefles 
the motion of the greateft body when the interme- 
diate one is a geometrical mean, is greater than the 
fraftion in the fixth ftep, which expreffcs the mo- 
tion of the greateft body when the middle body is 
not a geometrical mean ; confequently, the motion 
is more augmented when the intermediate body is 
ft geometrical mean,, than when it is greater or lefs 
in arty proportion^ 

i(t. ii a, aS 



2d. 


2a. 

i + a 


3d. 


a^ 


a«4-2a' + a' 


4tb. 


i,a±x,a»i 


5tli. 


2xa±x 


i4-a±x 



X4. 



g^l^^ a^ ± a^x 

* a^+2a*-fa±a'x±2ax±x-f X* ^' 

yttt. a^+2a*4-a*+a'x±2a*x±a'x+a»x\ 
8th. a^42a>+^^-j:a'xJ:2a^±a>x. 

9th. — — — ' ^— .*__ — — a'x»i 

To give you an inftarite, how prodigioufly mo^ 
tion may be augmented, by being fucceffively com- 
municated to feveral bodies in a geometrical pro- 

greffionj 
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greffion ; if twenty elaftick bodies be placed one 
after another, each fucceeding body exceeding the 
foregoing in the proportion of twenty to one ; and 
if motion be communicated through the fevcral in- 
termediate bodies from the firft to the laft, it will be 
fo far augmented, as to be two hundred thoufand 
times greater in the laft body than in the firft ; fo 
^hat if we fuppofe the firft to be a cannon-ball, 
moving with the fame velocity wherewith it flies 
from the mouth of a cannon, which, from the ob* 
fervations of Mr. Derham, I fhall fuppofe to be 
at the rate of 612 feet in a fecond, tho* there arc 
pieces of cannon which difcharge their balls with 
double that velocity, the motion of the laft body 
will be fo great as if applied to the ball would carry 
it at the rate of above twenty-three thoufand miles 
in one fecond of time -, which velocity is five thou- 
fand times as great as the velocity of a body revoU 
ving about the earth, by the force of gravity at a 
fmall diftance from its furface; for a body fo revolt 
ving will not come round in Icfs than an hour anci 
twenty-four minutes. . 

From the increafe of motion in elaftick bodies, a 
reafon may be drawn for the augmentation of found 
in fpeaking trumpets ; for as the fpeaking trumpet 
is narroweft at the mouth-piece, and thence widens 
and inlafges continuaUy to the extremity, the air 
within it, which is an elaftick fluid, as ftiall be ftiewn 
hereafter, may be confidered as divided into a great 
number of cylindrical bodies, of very fmall but 
equal altitudes, the bafis of the firft being equal to 
the mouth of the trumpet, and the bafis of the reft 
increafing one above another as they arc more and 
more removed from the mouth ; upon which ac- 
count* the motion that is imprefled by the force of 
the voice on the firft cylindrical body of air, grows 
larger in the fecond, and larger ftill in the third, 
and fo on, till at length at the exit of the tube it 
becomes fo large as to magnify the found to a great 
F 3 degree i 
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degree; and of the feveral kinds of trumpets, thofb 
magnify the found moft, that are of fuch a figure as 
arifes from the revojution of the logarithmick curve 
about its axis ; that is, let AG be the logarithmick 
curve, and HO its axis, the figure arifing fro^m the 
revolution of AG about HO, is fuch as a fpeaking 
trumpet ought to have in order to give it the great-- 
eft advantage poflible. For from the nature of the 
curve, if HI, IK, KL, LM, and fo on, be taken 
^qual; the ordinates HA, IB, KC, LD, and fo 
on, are in geometrical proportion -, wherefore if 
J-II> IK, and fo qxj^ be taken very fmall, they 
will reprcfent the equal altitudes of the cylinr 
drical bodies of air in the trumpet ; and the ordi-? 
^ nates HA, IB, and fo'on, will be the radii of their 
bafes, and the bodies of air being of equal heights 
will be to one another as their bafes, that is, as the 
fquares of their radii •, but the radii being to one 
another in a geometrical proportion, their fquares 
. will be fo too ; confequently, the little cylindrical 
bodies of air will be in, a geometrical progreffion^ 
the fmalleft Whereof lies next the mouth, and the 
largcft at the exit of the tube ; for which reafon 
the augmentation of found will be greater, ceteris 
p&ribuis^ m a trumpet of fuch a form than of any 
other form whatever, 

Buit to proceed to the fecond general cafe, where- 
in both the bodies move one and the fame way, but 
ihc fubiequent more fwiftly than the preceding. 
?xp. 7. If two equal elaftick bodies move in the fame di* 

reflion, and in fuch a manner as that one 'may over- 
take and^ftrike the other, upon the ftroke the.y will 
change their quantities of motion with each other ; 
for inftance, if the motion of the fubfequent body 
before the ftroke be double the motion of the pre- 
ceding body, then will the preceding body after the 
ftroke have double the motion of the fubfequent 
body after the ftroke ; and the preceding body af- 
ter th« ftfoke, will naovc with the fame velocity 

where- 
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wherewith rhe fubfcquent body moved before the 
ftroke i and the fubfcquent body will after the 
ftroke be carried with the velocity of the preceding 
body before the ftroke ; fo that upon the ftroke the 
bodies will change their motions and velocities. For 
fince by fuppofition the fum of the motions is three, 
and fince the bodies are equal, the niotion of each 
after the ftroke, fetting afide the elafticity, muft be 
one and an half; and by the fecond rule for deter^ 
mining the quantity of motion communicated by 
the ftriking body to the other, the motion com^ 
municated in this cafe will be as one halF, and fo 
Jikewife will the motioA arifing from the elafticity, 
which being deduded from the motion which re- 
mains in the ftriking body after the ftroke, and 
added to that of the preceding body, leaves the 
motion of the former as one, and of the latter as 
two ; fo that upon the ftroke the motions will be 
changed. Wherefore if .two ivory balls of an equal 
fize be let fall at the fame time, one from the height 
of fijc inches, and the other from the height of 
three, after the ftroke, the preceding ball will rife 
to the height of fix inches, and the fubfequent tQ 
the height of three only. 

If the bodies be unequal and move the fame way, 
their motions and velocities after the ftroke may in 
like manner be difcovered by the help of the propo- 
fition. For inftance, if the fubfequent body be as 
two, and have twelve parts of motion, and the pre- 
ceding body as one, and its motion as three •, the 
motion of the fubfcquent body after the ftroke will 
be as eight, and that of the preceding body as fe- 
ven, and the velocity of the former will be as four, 
and that of the latter as fevcn ; for the fum of the 
two motions before the ftroke being fifteen, and 
the bodies being as one and two, the motion of the 
leffer body after the ftroke, fetting afide the elafti- 
city, will be as five, and that of the greater as ten ; 
but the mQtioaof the lefler body before the ftroke 

F 4 was 
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was as three, confequently, the communicated mo- 
tion is as two 5 wherefore adding fo much on account 
df the elafticity to the motion of the leffer body, 
and fubdufting as much from that of the greater 
body, which in thisi cafe is the ftriking body, we 
fliall have eight for the motion of the grpater. Which 
being divided by two, the quantity of matter in the 
greater, gives four for its velocity ; and we (hall 
have fcven for the motion of the lefler body, which 
becaufe the quantity of matter in the lefler is as 
one, will likewife exprefs the velocity. Wherefore 

Exp. 8. if two ivory balls, one double of the other, be let fall 
at the fame time, the larger from the height of fix 
inches, and the fmaller from the height of three, 
after the ftroke theicfler will afcend to the height 
of feven inches, and the greater to the height of 

Exp. 9. four. Ort the other hand, if the fmaller ball be Ice 
fall from the height of fix inches, and the greater 
from the height pf three ;*after the ftroke the Jeflcr 
will afcend to the height of two inches, and the 
greater to the height of five, and the motion of 
the former will be twQ, and that of the latter ten ; 
for fince the fmaller ball is as unity, and falls from 
the height of fix inches, its motion at the time of 
the ftroke is fix ; and fince the larger ball is as two, 
and falls frotn the height of three inches, the mo- 
tion thereof at the time of the ftroke is likewife 
fix; and the fum of thofe two motions, which is 
twelve, being divided between the bodies in pro- 
portion to their quantities of matter, gives eight for 
the motion of the greater, and four for the motion 
of the lefler, which motions they would have after 
the ftroke, fuppofing they were not elaftick ; and 
fince the motion of the greater body before the 
ftroke was fix, the motion communicated to it by 
the ftroke is two, which by reafon of the elafticitjr 
being fiibdufted from four, the motion of the. 
ftriking body, and added to eight, the motion of 

the other body, gives two s^nd ten for the amotions 

• ■ '• ^ of. 
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pf \hc two bodies, which motions being divided by 
the rcfpcftive bodies, give two and five for the ve- 
locities. 

If two equal bodies meet one another with equal 
quantities of motion, which is one branch of the 
third general cafe, they will rebound with the fame 
motions and fame velocities wherewith they apr 
proached ; for were they void of elafticity they, 
would upon the ftroke (land ftill, becaufe they 
communicate to one another a Quantity of motion 
pqual to that which each of them has at the time of 
the ftroke, and that in a contrary direftion ; but by 
the propofition, each of them muft on account of 
the elafticity receive as much motion as was com- 
municated by the ftroke ; and the motions which 
arc thift received by the bodies being equal, and 
pontrary to the motions whereby the bodies met, 
and which were deftroyed by the ftroke, muft 
parry the bodies backward with the fame velocities 
wherewith they approached.' Wherefore, if two ^ 
equal ivory balls be let fall at the fame time fpom ' * 
equal heights, fo as to meet one another, upon the 
ftroke they will be refleftcd back to the heights 
from which they fell. 

If the balls be unequal, for inftance, if one be g 
double the other •, let the larger fall from one half 
only of the height from which the fmaller defcends, 
by which means when they meet their motions will 
be equal, and upon the ftroke they will be reflefted 
each to the height from which it fell. 

Where the bodies meet one another with unequal 
motions, which is the fourth general cafe, if the 
bodies be equal, they will both be reflefted, and 
each of them will recede with the motion and ve- 
locity wherewith the other approached •, that is, 
they will change their motions and velocities -, for 
let us fuppofe the nootions of the two bodies to be 
as fix and three ; if they were void of elafticity the 
bodyiiKbich has the fmalleft quantity of motion 

would 
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would upon the ftroke be turned back, and the two 
bodies would be carried with the difference of their 
motions divided equally between them, that is, the 
motion of each would be as one and an half, and 
the motion Communicated would by the fourth 
rule be as four and an half; but a quantity of mo** 
tion equal to what is communicated muft be fub* 
dufted from the motion remaining in ^the ftriking 
body, and added to the motion of the other, that 
is, four a;id an half muft be fubdufted from one 
and an half, and likewife added thereto ; whereby 
there will be three negative for the motion of the 
ftriking body, which (hews that it will be carried 
back with a motion which is as three -, and there 
will be fix pofitive for the motion of the other body, 
which fhews that it will be carried with a motion 
which is as fix, in the diredion of the ftriking bor 
dy before the ftroke ; thatjs, it will be refle&ed ; 
fo that each of them will be carried back with the 

Exp. 12. motion whefewith the other approached. Where- 
fore, if two equal balls of ivory be let fall at the 
fame time, one from the height of fix inches, and 
the other from the height of three, upon the ftroke 
they will return back; but that which fell from the 
height of fix inches will rife only to the height of 
three, whereas that which fell from three inches will 
rife to fix. 

If the balls be unequal, and meet one another 
with unequal quantities of motion, their motions 
after the ftroke may in like manner be determined 
by the help of the rule laid down in the propofitionv 

Bxp. 13. for inftance, if two ivory balls which areas^one and 
two be let fall at the fame time, the greater from 
the height of fix inches, and the fmaller from the 
height of three -, in this particular cafe, the greater 
ball will upon the ftroke lofe all its motion, and the 
fmaller will be rcflefted with the difference of their 
motions, fo as to rife to the height of nine inches ; 
for fince the brger ball which dcfcends from the 

height 
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height: of fix inches is as two, its motion is as 
twelve, wbilft the motion of thefnialler bs^ll, whicb 
IS as unity, and defcends only from the height of 
three inches, is as three, the diflference of which 
motions is nine v and this being divided between 
the bodies in proportion to their quantities of mat- 
ter, gives fix for the motion of the larger, and three 
for that of the fmaller ; and with thefe motions the 
bodies would be carried after the ftroke, fuppofing 
they were void of elafticity ; but becaufe of the 
elafticity, a quantity of motion equal to what is 
communicated by the ftriking body to the other, 
which in this cafe is fix, muft be taken from the 
mo:ion of the greater body, and added to that of 
the fmaller, which two motions being fix and three, 
the remainder after fubduftion, which exprefles the 
motion of the greater body, will be nothing •, and 
the fum arifing from the addition, which exprefles 
the motion of the fmaller ball, will be nine. 



LECTURE VI, 

Of the Center 6f Gravity, Balance, 
AND Lever. 

MY defign in this ledture is to give you an 
account of the firft and fecond of the me- 
chanick powers, conimonly called the balance and 
the lever 5 but I fhall firft take notice of fome things 
relating to heavy bodies, the knowledge of which 
is in a great meafure neceflary to the right under- 
ftanding of what (hall be faid concerning the me- 
qhanick powers in general. And Firft, in every- 
body there is a certain point, commonly called by 
the writers of mechanicks, the center of gravity ;. 
the nature of which will beft appear from its^chief 
properties, which are thefe. 

ift. If a body be fufpended by its center of gra- 
vity, it will continue in any pofitioa whatever 
10 wherein 
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wherein it is placed ; whereas if it be fufpcndcd 
any other point, it will not reft in any other pofiti 
but where the center of gravity is either dire6t 
above, or direftly beneath the point of fufpenfioni 

Pxp, I. thus, if two beams be fupported, the one by 
axle pafling thro' its center of gravity ; the och 
by an axle which doth not pafs thro' the center 
gravity, but thro' fuch a point, as when the bea 
is parallel to the plane of the horizon, lies diredil 
above the center of gravity ; the former will re 
in any pofition, whether it be perpendicular, paral* 
lel, or inclined to the horizontal plane; but the 
latter will reft in the parallel pofition only ; and 1 
(hould it by any force be removed from that pofi- i 
tion, it will, uptAi the removal of the force, begin jj 
to move in order to recover the parallel pofition, and [ 
^fter feveral vibrations will at length fettle therein, i 
A fecond property of the center of gravity is, that ^ 
where that is fupported the whole body is likewife j 
fuftained j for which rcafon the whole weight of a i 
body may be looked upon as applied to that finglc 
point, and as centered therein. \ 

A third property of this center is, that it continu- 
ally endeavours to move downward towards the cen- 
• ter of the (?arth, and where all lets and impediments 
are removed does actually defcend -, and therefore if 
\n any cafe a body feems to move upward by the force 
of gravity, it will be found that the center of gravity 
deicends notwithftanding any appearance to the con- 

Exp. 2. trary. Thus, if two rulers be fo placed as tp meet 
in an angle at one of their ends, and there to reft 
upon an horizontal plane, whilft at their other end 
they ^re raifed a little above the plane 5 apd if a 
body confifting of two equal fimilar cones united 
at their bafes, be laid upon the rulers in fuch a man- 
ner, that the^dge of th^ir bafes may lie between 
the rulers, it will when left to itfelf begin to roll 
towards the elevated extremities of the rulers, and 
upon that account appear to afcend, w|iereas in 

reality 
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bjlreality it moves downward •, for if a firing be 
onftretchcd horizontally beneath the rulers fo as that 
Hyjit may touch the edge of the bafes of the cones at 
n;(the concourfeof the rulers, it will be found that 
the edge of the bafes defcends below the ftring, 
lerj and that more and more as the body moves nearer 
to the higher end of the rulers. 

Whilft the body rolls-upon the rulers, the parts 
of the cones which reft thereon, do by reafon of the 
widening of the rulers grow continually fmaller ; 
upon which account, at the fame time that the 
body afcends along the plane of the rulers, it is as 
it were carried down another plane equal in length 
to the fide of the cone, and whofe perpendicular at- 
titude is equal to the femidiamet^rcf the bafes of 
the cones j and therefore, if the perpendicular alti- 
tude of the rulers in that part where their diftance is 
equal to the length of the double cone, be lefs than 
the femidiameter of the bafes, the body will move 
up along the rulers, becaufe, by fo doing, it will in 
reality defcend, and thedefcent thereof will be equal 
to the difference between the. femidiameter of their 
bafes, and the perpendicular altitude of the rulers 
in that part where their diftance is equal to the 
length of the cones •, but if that perpendicular alp 
titude be equal to the femidiameter, the body will 
reft on any part of the rulers, being carried as 
much upward on one account as it is downward 
on the other -, and if the altitude of the rulers be a 
little increafed, fo as to exceed the femidiameter 
of the bafes of the cones, the body will roll down 
the rulers, and thereby defcend thro* a fpace equal 
to that excefs. 

If a cylinder be fo contrived as to have its center Exp, 3. 
of gravity near one of its fides, which may be done 
by making a wooden cylinder hollow towards one 
fide, and then filling it with lead ; when it is placed 
on an inclined plane in fuch a manner as that the 
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fide which is neareft to the center of gravity may 
lean towards the upper part of the plane, it will 
afcen<^ provided t;he inclination of the plane be not 
too fmall, but the center of gravity will at the fanie 
time defcend ; for it will fuiubly to its nature en- 
deavour to move downward, and thereby caufe the 
cylinder to revolve about its axis s and this revolu- 
tion will make the cylinder, and confcquehtly its 
center of gravity, to move up the plane j fo that 
the center of gravity will have as it were two mo- 
tions, one upward arifing from the progrcflSon of 
the cylinder along the plane, the other downward 
occafioned by the rotation of the cylinder about ics 
axis J but the dcfcent occafioned by the latter mo- 
tion, will be greater than the afcent arifing from th^e 
former I as will appear by ftretching a line hori^ 
2ontally at the fame height with the center of gra^ 
vity before the cylinder begins to roU, for after the 
rotation ceafes the center of gravity -will be beneath 
the line ; fo that upon the whole, that center will 
be found to defcend notwithftanding the afcent of 
the cylinder on the pUne. 

When the elevatioo of the plane becomes fo great 
th^t the afcent arifing from the progreffion becomes 
equal to, or greater than the defcent arifing from 
the rotation, the cylinder will in the forme/ cafe 
continue at reit, and in ihe latter roll down the 
plane. 

A line drawn from the center of gravity of any 
body, perpendicular to the plane of the horizon* is 
called the line cf diredion of the center of gravity, 
becaufe when the body is ciarried downward by the 
force of gravity, if it meets with no let or o4>- 
ftacle, its center of gravity will defcribe that line. 
The chief property of this line is, that as long as 
it falls within the bafe of the body, fo long the body 
(lands, whereas no fobner does it fall beyond tte 
bafe, but the body tumbles ; as will appear €ram 
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the followiiyg experiment; let a piece of wood be 
fet on a moveable plane with a plummet hanging 
from its center of gravity, and let the plane be 
gradually elevated, till at length the plum-line 
(which asnt is always perpendicular to the horizon, 
will reprefent the line of direftion) falls beyond the 
bafc; the wood will not tumble as long as the 
pliKranet line falls within the bafe, whatever be the 
elevation of the plane whereon it (lands, but the mo- 
ment that line gets beyond the bafe the body falls. 

The reaion why a body ftands during the conti- 
nuance of the line of dire<5tion within its bafe is, 
that no motion can arife in any body from the force 
of gravity^ unlefs the ceftter of gravity can by fuch 
motion be carried downward ; but as long as the 
line of direftion of any body falls within the bafc, 
its center of gravity is fupported, and therefore 
cannot dcfcend ; and confequently, the body will 
remain unmoved ; whereas upon the removal of the 
line of direction beyond the bafe, the center of 
gravity ceafes to be Supported, and is therefore at 
liberty to defcend. 

From what has been faid it appears, why ampng 
bodies defccnding on inclined planes, fome, for in- 
ftance cubes, only Aide, whilft others, as globes or 
cylinders, roll •, the lines of direftion falling be- 
neath the bafes of the former, but not tlie latter. 

The center of motion in any body is a fixed 
point or axis about which the feveral parts of a 
body do move, and in moving defcribe circular 
arches. 

The direftion of any power or weight is, that 
ftrait line wherein it moves or endeavours to move. 
And the moment of any power or weight is, that 
force wherewith it either moves or endeavours to 
move, and it is always proportional to the product 
arifing from the multiplication of the power or 
Weight into the velocity wherewith it moves or 
Would move if it . were not Jiindred by fome op- 
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pofite power or weight ; and therefore if the pro-' 
diift arifing from the multiplication of one weight 
or power into its velocity, be equal to the |>rodu6^ 
arifing from the IJke multiplication of any other 
weight or power into its velocity, the moments 
of thofe two weights or powers muft be equal ; and 
this will always be where the weights or powers are 
to one another reciprocally as their velocities • con-, 
fequently,' two weights or powers may balance^ if 
as much as one exceeds the other in magnitude, fo' 
much muft it be exceeded by the other in velocity v 
and herein confifts the whole force and effkacy of 
all mechanical engines 5 for they are fo contrived as 
to diminifli the velocity of one weight or power and 
to increafe that of the othery by which means a very 
fmall weight or power may beconfic a balance to 
one exceedingly great, as will appear from what- 
Ihall be faid concerning the mecbanicfc power$,' 
which are commonly reduced to fix, namely, the 
balance^ the lever^ the J>ulleyf the axle in the wheels 
the wedge, and the/crew/of each of which ki theii: 
ordef/ \ 

The BALANCE, ftriaiy fpcaking, is a beafti fup^ 
ported by art axle whereon it tuffts ; whi^K axte 
therefore is the center of mbtion ; the parts of tlie 
beam which lie on each fide of the axle are called 
its arms, and thofe parts of the arms to which the 
weights are applied are called the points of fufpenr 
fion •, concerning which it muft be obferved, that 
the appending weight, whatever be the length of 
the cord by which it hangs, afts with the fame force 
and in the fame manner as if its center of gravity was 
applied to the point of fufpenfion ; fo that it matters 
not what the diftance is between theweight iind point 
of fufpenfiQn, as will appear from the follchving ex* 
Exp. 5. periment; Let a weight appended atone arm of 3! 
balance be counterpoifcd by a weight at the other,' 
and let it by mpans of a cord be hung at different 
diftances below the. point of fufpenfion -, the pofition 
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6f the balance will remain unvaried, and the weights 
will continue to counterpoifc each other at all thofe 
diftances. 

The moment of any weight Appended at the arm 
of a balance, is proportional to the produd: arifing 
from the multiplication of the weight into the dif- 
tance of the point of fufpenfion from the axis of the 
balance; for as was before faid, the moment of a 
weight is proportional to the produftof the weight 
into its velocity, and in this cafe the velocity of the 
weight is as the diftance of the point of fufpenfion 
from the axis ; for fince the weight afts in the fame 
manner as if its center of gravity was applied to the 
point of fufpenfion, whatever be the velocity where^ 
with that point moves round the axis, the fame will 
the velocity of the weight be; but the velocities 
wherewith the feveral points in the arm of a ba- 
lance move round the axis, are as the fpaces, that 
is, as the circular arches, which they defcribe in the 
iame time, which archcS^from the nature of the 
circle are to one anothlbr as their refpedive radii, 
that is, as the diftances of the points from the axis. 
.Thus, if A B rcprefents the arm of the balance PL 2* 
moying rotind the axis at A, the velocities of the ^^S- 9* 
points B and D, which defcribe the arches B C and ^^P* ^* 
D E, will be as thofe arches, becaufe they are de-' 
fcribed in the fame time ; but from the nature of the 
circle, thofe arches are to one another as their radii 
AB, and AD, that is, as the diftances of thofe 
points from the axis ; confcquently, the moment of 
a weight appended at the arm of a balance, is as 
the produft of the weight into the diftance of the 
point of fufpenfion from the axis. Whence it fol- 
lows, that if two weights be appended at the arms 
of a balance in fuch a manner, as that the diftances 
of the points of fufpenfion from the axis fhall be re- 
ciprocally proportional to the weights, thofe weights 
will counterpoife each other, and the balance will 
be in a^uilibrio ; for inftance, if two equal weights 
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be applied at equal diftances from the axis, the ba- 
lance will not incline to either fide, but remain pa:- 
rallcl to the horizon, the weights in this cafe coun- 
terpoifing one another. Again, if one weight be 
larger than the other in any proportion, for inftance, 
in the proportion oPthree to one, if the point at 
which the,fmaller is applied be thrice as far diftant 
from the axis as the point at which the larger is ap- 
plied, the balance will be in aquilibrio. 

On this aquilibriutn arifing from the fufpenfion of 

Exp. 8. weights at diftances reciprocally proportional to the 
weights, is founded the Statera Romana^ otherwife 
called the ft^el-yard, which confifts of two arms 
very unequal in length, but equally poifed by means 
of a weight annexed to the ftiorter, from which 
likewife hangs a fcale in order to receive fuch things 
as are to be weighed ; the longer arm is divided 
into a number of equal parts beginning from the 
axis, and fuftains a weight which Aides from one 
end to the other ; which weight being applied to 
the fecond divifion, will counterpoifc double the 
weight in the fcale of the (horter arm, that it will 
when applied to the firft divifion •, and triple when 
applied to the third divifion ; and fo on, whatever 
be the divifion to which it is applied, the weight in 
the fcale of the fhorter arm muft be proportional 
thereto; otherwife the produfts arifing from the 
multiplication of the weights into their refpeftive 
diftances from the axis would not be equal, and 
confequetitly would not balance each other. 

Exp. 9. On the fame equilibrium is likewife founded the 
deceitful balance, which is fo contrived, a^ tho' one 
arm be longer than the other, yet is the fhorter 
made fo much thicker than the longer, as thereby 
cxaftly to poife the fame ; upon which account the 
balance appears to be juft, and confequently fuch 
weights as counterpoife are judged equal, whereas 
in truth that which is appended at the longeft arm 
is Icfe than the other, and that in the proportion of 
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the length of the fhorter arm to that of the longer ; 
for inftance, if the longer arm be to the (horter as 
ten to nine -, a weight of nine ounces applied at the 
longer arri), will counterbalance ten ounces append- 
ed at the (horten 

Several weights appended at feveral diftances 
from the axis in one fide of a balance, will counter- 
poife feverai others appended likcwifc at feveral dif- 
tances on the other fide ; provided the fum of the 
products which arife from the multiplication of the 
weights on one fide into their refpeftive diftances 
from the axis, be equal to the fum of the produfls 
arifing from the like multiplication of the weights 
on the other fide into their refpeftive diftances, ; 
Thus, if on one fide a weight of one ounce be ap- ^*f^ '^» 
pcnded at the diftance of two inches from the axis^ 
and another of two ounces at the diftance of three 
inches, and a third of three ounces at the diftance 
of four inches •, aitd if on the other fide be append- 
ed one weight of five ounces at the diftanc^ of an 
inch from the axis, and another of three ounces at 
the diftance of five inches ; the two latter will ba- 
lance the three former ; for the produft of five in- 
to one, being added to the produA of three into 
five, gives the fum of twenty •, as does likcwife the 
addition of the three produfts of one into two, two 
into three, and three into four. 

The chief ufe of the balance, commonly called a 
pair of fcales, is to coqipare the weights of different 
bodies together; and that this machine may be as 
exa<ft and perfeft as poflible, it is rcquifite, i&i 
that the center of gravity of the beam be placed 
a little below the axis, becaufe in this cafe, when 
there is an ^equilibrium^ the beam will not reft in 
any pofition but the parallel ; conlequently, the 
weights which arc conopared together will appear 
to be equal, as they really are ; whereas if the^xis 
be placed beneath the center of gravity, fliould thfe 
center of gravity be moved out of the perpcndicu- 
G 2 lar 
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Lficf; lar line, which can fcarcely be avoided, it will not 
^^' ^ return, but from its tendency downward will be 
^ carried lower, fo as to give the beam an inclined po- 
fitiori 5 for which reafon the weights will appear to 
be unequal, tho* in reality they are not fo -, and the 
fame inconvenience will arife if the axis paflcs thro* 
the center of gravity, for in that cafe it has been 
flh-eady (hewn, that the beam, notwithftanding the 
ie^uilibrium^ will reft in any pofitton. 

Secondly, the arms of the beam ought to be ex- 
:^ftly equal both as to weight and length, the rea- 
fon of which is evident, from what was faid con- 
cerning the deceitful balance. 

Thirdly, the points from which the fcales are 
fufpended, ought to be in one right line pafling 
thro' the beam's center of gravity -, for by this con- 
trivance the weights will aft direftly againft each 
other, fo that no part of either will be loft on ac- 
count of any oblique direftion. 

Fourthly, the friftion of the beam againft the 
axis ought to be as little as poffible ; becaufe, (hould 
the friftion be great, it will require a confiderablc 
force to overcome it; upon which account^ tho' 
one weight Ihould a little exceed the other, it will 
not preponderate, the excefs not being fufficient to 
overcome the friftion, and bear down the beam. 

That the friftion may be as little as poffible, the 
parts of the beam which play upon the axis, as alfo 
the axis itfelf, (hould be well poliflied, and the axis 
IhouJd be made as fmall as the ufes of the balance 
will admit ; but as fridion cannot be entirely pre- 
vented, to remedy the inconveniences arifing from 
it as much as poffible, the arms of the beam ought 
to be made as long as they conveniently can-, be- 
caufe the longer the arms are, the lefs will the. 
weight be that is requiCte to overcome the friftion ; 
the moments of weights increafing in proportion to 
their diftances from the center of motion, as has 
been already Ihewn. 
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• I Ihall clofe what I hacj to fay concerning the 

balance, by layiiig before you one property of it, 

which is fomewhat Angular and furprifing •, tho* it 

has not that I can find been taken notice of by any 

of the mechanick writers*, namely, that if a man P^P* u. 

Handing in one fcale and counterpoifcd by a weight 

in the other, lays his hand to any part of the beam, 

and prefles it upward, he will thereby deftroy the 

balance, and make the fcale wherein he ftands to 

preponderate. 

In order to account for this property, let A B ^' 2. 
reprefent the beam of a pairof fcales playing on ^^S- 'o» 
the axis at C, and let a man (landing in the fcale 
D, and counterpoifed by a weight in the fcale E, 
lay his hand to fome part of the beam, either on 
the fame fide of the axis with himfelf as at H, or on 
the other fide as at K, and prefs the fame upward ; 
inafmuch as aftion and reaftion are always equal, 
it is manifeft that with whatever force the hand 
preflTes upward againft the point H or K| with the 
fame the hand, and confequently the man's whole 
body, is prefled downward ; and therefore the fcale 
D wherein he ftands bears the fame preflTure from 
his feet that the point H or K does from his hand ; 
but the preflTure upon the fcale D may be looked 
upon as applied to the beam at the point A from 
which the fcale hangs ; confequently, the fame force 
which preflTes up the point H or K, preflTes down the 
point A ; wherefore putting F to denote that force, 
F X H C will exprefs the moment wherewith the arm 
A C is preflfed upward when the hand is applied at 
H, andFxKC the moment wherewith the arm 

* The property here mentioned, had not beeti taken notice 
of by any of the Mechanick Writers, when the Author coxn- 
pofed this Ledure ; but has been publiihed fince, both in the 
Philofophical Tranfadions for the year 1729, and in a courfe 
of ex^rimental Philofophy, by Dr. Desagulijsrs, to whom 
our Author communicated it, as he told me and many others, 
about thirteen or fourteen years agp wbea he w^s in liondon. 
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L«GT. BC is preffcd upward, the hand being applied at K ; 
VI. and in both cafes Fx A C will exprcfs the moment 

^*^^*^ wherewith the arm A C is prefled downward by 
means of the reaftion ; if therefore the hand be 
applied at H, it is manifeft that as the arm A C is at 
one and the fame time prefled upward by a force 
which is as F x H C, and downward by a force 
, which is as the fame F x A C, and as H C is ever 
lefs than A C, the arm A C muft dcfcend with the 
difference of thofe forces, that is, with a force equal 
to F X A H, which is the diftance of the hand from 
the point A ; if the hand be applied at K, the arm 
C B is preflfed upward, and confequently A C down- 
ward with a force equal to F x K C, and upon ac- 
count of the reaction A C is likewife prefled down- 
ward with a force equal to F x A C ; and therefore 
it muft defcend with a force equal to the fum of 
thofe two forces, that is, with a force equal to 
F X A K the diftance of the hand frorn the point A ; 
fo that the fcale D muft preponderate whether the 
hand be applied to that part of the beam which 
lies on the fame flde of the axis with the man, or to 
that which lies on the other fide ; and if D be put 
to denote tho^ diftance of that point to which the 
hand i$ applied from the point A, the force where- 
with the preponderating fcale dcfcends will he unj- 
verfally as F X EH that is, as the force which the 
hand cxerciies ^gainft the beam, multiplied into 
the diftance of the hand from the point A. And 
if the force wherewith the hand preflTes the beam 
be required, it may be difcovered by throwing in 
as muph weight into the fcale E as is fuHicient to 
balance the force of the hand, and to prevent the 
defcent of thfe fcale D i for putting W to denote th^t 
weight, its moment is as W x B C or A C, which be- 
ing equ^l to F X D the moment of F, F will be 

AC 

found equal to W x — -, that is, to the weigh? 

mulciplied into half the length of the heap, and 
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divided by the diftance of the hand from A. For 
inftance, if the balancing weight be twenty pounds, 
and the diftance of the hand from A be to half the 
length of the beam as* one to two, the force where- 
with the hand preflcs the beam is equal to twenty 
pounds multiplied by two and divided by unity, 
that is, it is equal to forty pounds ; from what has 
been faid it follows, that when the hand is applied 
to that part of the beam which lies on the fame fide 
of the axis with the man, the force of the hand 
upon the beam is greater than the weight which bal- 
Jances it in the fcale E, and Icfs than the fame when 
the hand is applied to that part of the beam which 
lies on the other fide of the axis with refpecft to the 

AC 
man v for in the firft cafe, W x • — is greater than 

W, and in the latter lefs, inafmuch as A C is in the 
former cafe always greater, and in the latter kfs 
than D. 

The fecond, and indeed the mofl: fimple of all the 
mechanick powers is the lever; an engine chiefly 
made ufe of to raifc large weights to fmall heights. 
By the writers of mechanicks, it is fuppofed to be 
an inflexible line void of all gravity ; tho* fuch as 
are in common ufe are both flexible and weighty. 
In every lever there is one immoveable point, about 
which as a center all the parts of the lever turn ; 
and whatever fupports that point is called the prop ; 
and with regard to the difierent fKuations of the 
moving power, ^d the weight to be moved in rc- 
fped to the prop, the lever is divided into three 
kinds 5 the firft of which is where the prop is placed 
between the moving power and the weight to be 
raided ; which kind of lever is reprefented, where- PI- 2. 
in C denotes the prop, B the weight, and A the ^^^^ **• 
power. In this lever there will be a balance be* 
tween the power and the weight, provided they be 
to one another reciprocally as their diftances frooi 
the prop i chat is to fay, if the power at A be to 
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the weight at B, as C B to C A ; for upon the mo, 
tion of the lever round its fixed point C, the power 
at A will defcribe the arch AD in the fame time 
that the weight at B defcribes the arch B E -, confc- 
quently, the velocity of the power will be to the 
velocity of the weight, as the arch A D to the arch 
BE ; that is, becaufe the afches are fimilar, as is evi- 
dent from the manner wherein they are generated, 
as A C to C B. That tjierefore the produ6t arifing 
from the multiplication of the power into its velo- 
city, may be equal to the produft of the weight in- 
to its velocity ; or in other words, that their mo- 
ITients may be equal, the power muft bear the fame 
proportion to the weight, that B C the diftance of 
the weight from the prop bears to A C the diftance 
of the power from the prop. For inftance, if B C be 
to A C as one to two, and if a man's ftrength be 
E^cp. I?, fuch as that without the help of a machine he can 
fupport an hundred weight, he will by the help of 
this lever be enabled to fupport two hundred ; be- 
caufe as B C is to A C, which by fuppofition is as 
one to two, fo muft the power at A be to the 
weight at B ; but the power at A is fuppofed to be 
- equal to one hundred, confecjuently the weight m.uft 
be equal to two. 

As in this lever the prop may be placed either 
at the middle diftance between the moving power 
vand the weight, or nearer to one than the other, it 
is evident that there may be a balance between the 
power and the weight, either when they are equal, 
or when the one exceeds or is exceeded by the 
other according to the different fitu^tions of the 
prop. 

To this kind of lever may be reduced feveral 
forts of inftruments, fuch as fciffars, pincers, fnuf- 
fcrs, each of which may be confidered as made up 
of two levers, whofe prop is the fame with the pin 
which rivets them together. Quarry crows are 
Ijltewifc levers of this kind, concerning which it 
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muft be obferved, that the larger and more ponde- Lect, 
ous they are, provided they are not io big as to ^^ 



become unmanageable, the more ufefol they muft "^g 
be, becaufe the weight of that part of a crow which * 
lies on the fame fide of the prop with the power, 
and which ufually far exceeds the other part in 
length, afts in conjunftion with the power, and 
thereby facilitates the raifing of the ftones. 

If the arms of the lever, inftead of lying in a 
right line, meet each other at the prop in a right pi. 3, 
angle, where A C and B C reprefent the arms of a Fig. i. 
lever united at the prop C, in fuch a manner as 
to conftitute a right angle ACB; if to one arm as 
C B placed horizontally, a weight be appended at B, 
and to the other as A C {landing perpendicularly a 
power be applied at A adting in the direftion A D. 
In order to a balance the power muft be to the 
weight as B C to A C, that is the power and weight 
muft be in the inverfc ratio of the lengths of the 
arms to which they are applied. For as the arms 
turn together upon the prop C, in the fame time 
that the point B defcribes any arch as B K, the point 
Aj muft defcribe a fimilar arch as AH-, confe- 
qucntly, the velocity of A will be to the velocity of 
B as A C to B C 5 but as the moment of the power 
at A is fuppdfed equal to the moment of the 
weight at B, th^ power muft be to the weight, as 
the velocity of the latter to the velocity of the for- 
mer, that is, as BC to AC. 

To confirm this by experiment, let B C be One ^^P* *3* 
fourth of A C, and a weight of twelve ounces be 
appended at B ; to the cord A D F made faft to the 
point A and pafling over a pulley at D, let a weight 
of three ounces be hung at F fo as to pull the arm 
A C in the dircftion A Dj and there will be a ba- 
lance. And if B C be one third or one half of A C, 
then a weight at F, which in the former cafe is one 
third>. an^ in the Jattcr one half of P, will balance 

lh« 



Digitized by VjOOQIC 



96 OfTHELEVER. 

Lect, the fame ; and if A C and B C be equal, the ba* 
^I* lancing weights muft be fi) too. 

From the experiments, and what has been faid 
concerning them, it is evident, that the greater the 
proportion is which A C bears to B C, the greater is 
the force of the lever, or the lefs the power at A 
requifitc to balance a given weight at B. Aod for- 
afmiich as the hammer when made ufe of in draw- 
- ing nails is a lever of this kind, it is manifeft, 
that the longer the handle is in proportion to 
that part of the hammer which lies between the 
handle and that portion of it which gripes the nail, 
the lefs will the force be that is rcquifite to draw 
the nail- 

The fecond kind of lever has its prop at one end^ 
the power at the other, and the weight between, as 
PI. 3. where C is the prop, A the power, and B tlie 
iFg. 2. weight ; in this lever, in the fame time that the 
Exp. 14. power at A moves thro' the arch of a circle whofe 
radius is A C, the weight at B moves thro' a fimi- 
lar arch of a lefler circle whofe radius is B C ^ con- 
fequently, the velocity of the power is to the velo- 
^ city of the weight as A C to B C -, in order therefore 
to a balance, the power mult be to the weight as 
B C to A C ; that is, as much as A C, the diftance 
of the power from the prop, exceeds B C, the dif- 
tance ef the weight from the prop, fo much muft 
the weight exceed the power. 

As in this lever th^ diftance of the weight from 
the prop is always kfs than the diftance of the 
power from the prop, it is evident that tliene can- 
not be a balance in any cafe but where the weight 
exceeds the power. 

To this kind of lever may be reduced the oars 

and rudders of fliips, cutting-knives fixed at one 

end, and doors moving upon hinges. 

Expr 15. i( in this lever we fuppofc the power and the 

weight to change their places, fo as that the power 

may 
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may be applied at B between the weight at A and 
the prop at B, it will beeonnk^ a lever of the third 
kind ; wherein in order to a balance, the power at 
B muft fo far exceed the weight at A, as EC the 
diftance (tf the power from the prop, is lefs than 
A C the diftance of the weight from the prop. 

It is evident, that the moving power receives no 
advfetagc from this kind of lever, and therefore it 
is never made ufe of but in cafes of neceflity, and 
. where tht weights to be raifed caimot be managed 
in a more convenient manner ; as is the cafe of Ud- 
ders, which being fixed at one end are by the force 
of a man's arms reared againft a waflL 

As IcvGrs are of fervice in raifing weights, fo arc 
they likewifc in carrying and fuppofting tbe fame; 
concerning which it is to be obferved, that when two 
powers fupport a weight by help of a lever, the fum 
of the powers muft equal the weight; and the weight 
being placed between them, their refpeftivediftances 
therefrom muft be reciprocally as the powers; thujj, 
if a weight retting on the lever at B be fupporced PI. 3. 
by two powers, one at A and the other at C, the ^'^8- 3 
diftance of A from B niuft be to the diftance of C 
from B, as the power at C is to the power at A- 
For in this cafe the lever is of the fecond kind, 
where each of the powers is in its turn to be looked 
upon as the prop, and then the other power muft 
be to the weight as the diftance of the weight from 
the prop to the diftance of the power from the 
prop ; that is, when A is confidered as the prop, 
the ppwer at C muft be to the weight at B, as A B 
to A C ; and when C is confidered as the prop, the 
power at A muft be to the fame weight at B, as 
CB CO C A. Confequently, fince the power at A 
is to the weight, as B C to A G j and fince the fame 
weight is to the power at C, as AC to AB, the 
power at A muft be to the power at C, as B C to 
B A, that is, the powers muft be to one another in- 
vcrfly as their diftance froip the weight \ and thua 

it 
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it will appear to be from experiments. For if from 
the point B of the lever A C a weight as D be fuf- 

Exp '76.^ pended, and if two other weights as E and F be 

fufpended from the extream points A and C by 

PL 3. cords pafling over pullies, fo as that they may draw 

Fig. 4. the lever direftly upward ; they will fupport the 
weight D provided the fum of thofe two weights 
be equal to the weight D, and the weight E be to 
the weight F as RC to B A. 

Exp. 17. The fame thing will happen, if the three weights 
be made to pull the lever horizontally, which may 
be done by paffing tht cords over fmall wheels or 
pins placed on a level with the lever. 

In (hewing what the proportion ought to be be- 
tween two powers which fupport a weight placed 
upon a lever, I have fu|>pofed the pofition of the 
lever to be parallel to the plane of the horizon; 
what the proportion ought to be, and in what man- 
ner fuch proportion is determined in inclined pofi- 
tions of the lever, fhall be (hewn, when I come to 
treat of powers afting in oblique diredions. 

If inftead of a fingle lever, feveral be combined 

together in fuch a manner, as that a weight being 

appended to the firft lever, may be fupported by a 

PI. 3, power applied to the laft, as in the machine, which 

Fig. 5* confifts of three levers of the firft kind, and is fo 

Exp. 18. contrived as that a power applied at the point L of 
the lever C, may fuftain a weight at the point S of 
the lever A. The power muft be to the weight, in 
a ratio compounded of the feveral ratios j which thofe 
powers that can fuftain the weight by the help of 
each lever when ufed fingly and apart from the reft 
have to the weighty for inftance, if the power 
which can fuftain the weight P by help of the lever 
A alone, be to the weight as one to five 5 and if the 
power whereby the fame weight can be fuftained 
by the help of the lever B alone, be to the weight, 
as one to four; again, if the power which can fup- 
port the faij^e weight by the help of the lever XI! 

alone. 
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alonCi be to the weight as one to five; thfe power 
which fupports the weight by means of thofe three 
levers joined together will be to the weight in a 
raHo compounded of one to five, one to four, and 
one to five, that is, it will be as one to an hundred. 
For fince in the lever A, a power equal to one fifth 
of the weight P preffing down the lever at L, is 
fufiicient to balance the weight ; and fince it is the 
fame thing whether that power be applied to the 
lever A at L, or the lever B at S, the point S bear- 
ing on the point L, a power equal to one fifth of 
the weight P being applied to the point S of the 
lever B, and preffing the fame downward, will fup- 
port the weight -, but one fourth of the fame pow- 
er being applied to the point L of the lever B, and 
pufliing the fame upward, will as effedbually deprefs 
the point S of the fame lever, as if the whole po>yer 
was applied at S ; confequently, a power «qual to 
one fourth of one fifth, that is, to one twentieth 
part of the weight P, being applied to the-p&int L 
of the lever B, and pulhing up the fame, will fup- 
port the weight; but it matters not whether that force 
be applied to the point L of the lever B, or to the 
point S of the lever C, fince if S be raifed, L 
which refts thereon* muft be fo too ; but one fifth 
of the power applied at the point L of the lever C, 
and preffing it downward, will as efiedlually raife 
the point S of rhe fame lever, as if the whole power 
was applied at S and pufhed up the fame ; confe* 
quently, a power equal to one fifth of one twentieth, ^ 
that is, to one hundredth part of the weight P, be- 
ing applied to the point L of the lever C, will ba- 
lance the weight at the point S of the lever A ; that 
is, a power which is to the weight, in a ratio com- 
pounded of the three ratios^ which the powers have 
to the weight in each lever taken feparatcly, will be 
a balance to the weight, when the three levers arc 
ufed jointly. And by the fame way of reafoning it 

will 
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will be found, that in all ma<^hin€ft of this kind^ 
the power requifitc to fuftain th6 weight, is to the 
weight, in a ratio made up of the feveral ratios of 
the power to the weight in each lever taken fepa^ 
rately, whatever be the number of levers. 

In all that has been hitherto faid concerning th& 
lever, the power and the weight are fuppofed to aft 
in direct oppofition to each other ; and on this fup* 
pofition, the power muft be to the weight in each 
of the three kinds of kvcfs, in the reciprocal raii^ 
of their diftances from the prop, as has been fully 
proved with regard to each kind j but where the 
direftions of the powef and wciglit are inclined to 
each, other, the proportion will vary from what has 
been here determined, as (ball be fliewn, when I 
come to treat of powers afting in oblique di- 
redions. 




I 



L E C T a R E VII. 
Of the Pulley. 

N this lefture I fliall give you an account of the 
Pull^j the Jstle in the Wheely the IVedge^ and 
tht Screw. The pulley is a fmall wheel that 
tt>rn$ about its axis, and which has a drawing rope 
pafling over it. It is made ufe of in raifmg large 
weights to corrfidcftble heights^ ai^d is of two 
kinds, fixed and moveable ; the fole ufc of the fix- 
ed piiMey, is to ehange the direftion of the moving 
power J which in all cafe« where weights arc to be 
raifed to great heights, is exceedingly convenient, 
Exp. u afnd very ofeeil of abfirftite neceffity ; {<H ioftance, if 
PJ. 3- the weight P i^ to be raifi^d by the force of a man*s 
^S* ^' hand to any heighc ^ . A above the reach of the 
hatrd, the mtf^ muft q'tlit his pkce and aicend in 
order to carry ii|> the weighty vrlnch for the moft 

part 
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part IS found to be inconvenient, and fometinocs im- Lect. 
pradicable 5 whereas if to a rope as P A F paffing ^^^* 
over the fixed pulley at A, the weight be made faft 
at one end as P, and the hand applied to the other 
end at F, the n^an by drawing the rope A F down- 
ward, will without moving from his place raife 
the weight as cfFeftually, as if his" hand was applied 
to it and moved upward from P to A ; fo that ia 
raidng weights to great heights the fixed pulley is 
of Angular fervice, in as much as by changing the 
dircdtion of the power, it takes off the neccffity 
that a man would ptherwife lie under of afcendijng 
along with the weight, and by fo doing leflens his 
labour; befides, it has this farther convenience at- 
tending it, that by means thereof the joint ftrength 
of feveral perfons may be made ufe of to raife one 
and the fame weight, which in many cafes cannot 
be done, at leaft not fo conveniently, where the- 
weight is raifcdby the immediate application of 
the hands : but this pulley does not in the leaft af- 
fift the power, by encreafing its moment ; becaufc 
it neither leflens the velocity wherewith the weight 
rifes, nor augments that of the power ; for what- 
ever be the fpace thro* which the power moves by 
drawing the rope A F, the weight muft in the fame 
time be drawn up thro* an equal fpace -, the rope 
A P conftantly fhortening in the fame proportion, 
that the rope A F is lengthened ; and therefore, 
wherever any power fupports a weight by means of 
a fixed pulley, that power muft be equal to the 
weight, . 

When a pulley rifes and falls along with the 
weight, as does this pulley, it is faid to be move- PI. 3. 
able, and with regard to its ufe, it is juft the re- ^^S* 7- 
vcrfe of the fixed pulley -, for it adds to the mo- 
ment of the power, but caufes no change in its di- 
reftion : for if the hand be applied at F to the 
rope D, in order to raife the weight P appended to 
ihc moveable pulley E, it muft move direftlf up- 
ward 
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t^rard in the very fame manner, as if it was applied 
immediately to the weight ; confequently, the dir 
redlion of the hand which raifes the weight is no 
way altered by this pulley, but the moment thereof 
is doubled, becaufe it is made to rife twice as fall 
as the weight ; for in the fame time that the hand 
moves upward from F to G, thro* the fpace FG 
equal in length to the two equal ropes D and C, 
the pulley, and confequently the weight annexed, 
will be drawn up thro' the fpace E H, whofe length 
is equal to one of the ropes only. 

In machines confifting of feveral pullies, where- 
of fome are fixed and fome moveable, and which 
have one common rope that goes round them aij ; if 
one end of the rope be fixed, as is the cafe in the 
PI. 3. machines reprefented by thefe figures, in order to a 
F>g- B, gt balance, the moving power muft be to the weight, 
*^* as one to twice the number of moveable pullies 1 

becaufe the velocity wherewith the power moves in 
raifing weights by the help of fuch engines, is to 
.the velocity of the rifing weight, as twice the num- 
ber of moveable pullies to -unity ; as I fliall now 
P^ 3' (hew you in the machine, which confifts of one 
^*2* ^' fixed pulley as A, and another moveable as E. 
Since it is one and the fame rope that is continued 
from G to F, the part A F which lies beyond the 
fixed pulley, cannot be drawn down and thereby 
lengthened, unlefs the two parts D and C, which 
lie on each fide of the moveable pulley, be at the 
/ fame time drawn up and Ihortened, and that equal- 

ly ; whence it is evident, that the part A F will be 
lengthened as faft again as either D or C is fhort- 
ened, inafmuch as what each of thofe parts lofe of 
their length is added to the length of A F ; but the 
point F to which the power is applied, defcends 
as faft as A F is lengthened, and the point E to 
which the weight is fattened, afcends as faft as 
D or C is ftiortened ; confequently, the velocity (^ 
the power is to the velocity of the weight, as two 

to 
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.taone, ^feat. is, ag twice the number ©f rpoyns^We 
jpuUios tp uiiity ; if thi^refore a i««cigbt ^ppci^dc^ ^t 
f, t)e fo. a. wiJJ^i appended at £, as one to iwp, 
:«hcy>V4U,b^aflcc each oijh^r, j^ ^iiig to<)rje pother 
in the reciprpc^l raiio <if their yelockies. 
' In ;the fti^hines, e^h of which cpBf>(l« of .two P/j- 6* 
jfix64^aiitl w n^ny move^bJc puHies, and w^hich dif- ^^g-9i®* 
.fqr only in ^is, :&hat in one the ^pulUes .of the fa«ne Exp. 3. 
^kind :ffi^vj& v^QO ooe and ibe.fenfic.axis, and in ihc 
eC^dier upon different axes ; 1 fay, ki ihefc roaGhines, 
fthe velocity .wherewiuh <he po^tr ^noves is to the 
weloqicy >«^Qrewith the weight nfes as >fowr to one, 
ftiiatjs, ^ /twice the number. of nK)veaye;pwUies lio 
.^Jine 5 ifor asj^e part of the rope AiF is drawn down 
.and .lengthened, the four part^ B, C, D, H, whioh 
Jie on ,caph Cde of the two moveable puUics aije 
«4rawn . wp ^and thortened, and that equally ; and 
^bat each (Of them lofes of its length is added to the 
^ength of .ArF; confcqucmly, A F is lengthened four 
climes JMs faft. as each of the other parts (hortens ; 
rbut thepfxwei* moves as faft.as AfF lengthens, and 
,thc weight rifes as faft as the oiher four Jhonten ; 
^r>d themfqre, the velocity /of the^power ^t F is to 
,the v^ocity ,of the weight at E, as four to one, or 
«^{twice the number of moveable pullies to unity;: 
jfor which. rcafon, if a weight be appended at JF, 
iWhiqh is toihe weight at E as one.co four, that is, 
4n the reciprocal r<j/w of their velocities, there will 
be a. balance. 

What has; befrn thus proved with regard to the ^ 
,tbtee l^ft machines, nan^ely, that .the velocity 
wherewith a power moves in raifing.a weight is to 
tthe velocity wherewith the weight rifes, as twice 
.the number ,of moveable pullies to unity, is in the 
.-^me manner demonftrable with regard to any, other 
.machine of the fame kind, whatever be the number 
;of pullies whereof it confifts ; and therefore, in' 
M rnachines confifting of Several pullies, whereof 
fame ate (fixed .and .others moveable, and .round 
H - which 
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which goes one common rope, fixed at ohc end, 
it may be laid down as a general rule, that in^ order 
to a balance between the moving power and the 
weight, the former muft be to the latter, as one to 
twice the number of moveable pullies. 

Exp. 4. If the rope which goes round the pullies, inftead 

of being fixed at one end, be faftened to the weight 

or to the block which fupports the moveable pul- 

Pl. 3. lies, fo as to rife therewith, as in this machine, 

Fig«ii« which confifts of five pullies. Whereof three arc 
fixed and two moveable, and in which the end of 
the rope is joined at G to the block which fup- 
ports, the two moveable pullies 5 the velocity of 
the power is to the velocity of the weight, as the 
fum of twice the number of moveable pullies in- 
creafed by unity to one; for in this cafe, the parts 
of the rope, which are equally fhortened in order to 
lengthen the part AF, are more in number by one 
than the fum of the moveable pullies when doubled j 
confequently, fince the power at F moves as faft as 
A F is lengthened, whilft the weight at E rifes in 
proportion only to the (hortening of the ropes 
B, C, D, H, K, the velocity of the power bears 
the fame proportion to the velocity of the weight, 
as the fum of twice the number of moveable pullies 
increafed by unity does to one; and therefore, if 
the power be to the weight in the inverfe ralio^ that 
is, as one to twice the number of moveable pullies 
added to unity, there will be a balance. Thus, if 
fl. 0. in the machine, a weight appended at F be to an- 

Kg« ««• other at E, as one to five, they will balance, and 
remain unmoved- 

Exp. 5. If to any of the forementioned machines be 
added a runner, that is, a finele moveable pulley, 
which has its own rope diftind from that which is 
connmon to the other pullies, one end whereof is 

' PI. 3* fixed as at L, the other being faftened to the 

^>ig. la. b]Qck at E, and the weight appended at M, the 
force of the former machines will be doubled by this 

adtlitionaH 
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additional pulley ; for fincc the point E moves witH 
twice the velocity of the point M, as I fhewed 
when fpeaking of the fingle moveable pui|ey, what- 
ever be the proportion which ^he 'velocity of th^ 
power at f bears to the velocity of the weight whert 
appenSed atE, it will be doubled if the weight hi 
appended it M ; confequently the pbW(*r will by 
the help of the runner be able to fuftain twice the 
weight it did before. , ., ' , / ^ 

If a machine be combined' of one fixed andTcvcral PI. 3* 
moveable puMies, put togethet in fuch a mahnet* ^S' '|* 
as that each of the moveable pullics has a feparatjd ^^' 
rope, one. end "whereof being fixed, the bthfer eithei* 
palTes 'Over the fixed pulley, as does that of the 
firft nidVeable pulley E, or is' joined to the move- 
able pulley which lies next above it, as is the cafe 
of the ropes B, C, D,"whith belong td (3,^flv aire! 
I, the iecond,^ third and fourth movekBlli'jpullies; 
B being joined at N to the firft moveable; puHey^ 
C at K to the fecond, and D at L to the third j the 
weight being appended to the laft moveable pulley 
at H. The velocity wherewith the weight rifes in 
fuch a machine is to the velocity gf the power, 
as one to tlie laft term of a duple progrcifiony 
whereof Ihe firft term is unity, and the number of 
terms more by one than the number of moveable 
puUies. 

For as I proved when fpeaking of the fingle 
moveJable pulley, the velocity of the power at F is 
to the velocity wherewith the pulley E rifes, as two 
to one ; and fo likewife is the velocity of E, to 
diat of G, and that of G, to that of I, and fo on, 
whatever be the number of moveable pullies, the 
velocity of each fucceeding pulley is but one half 
of the velocity of the preceding ; wherefore, if 
Ae velocity of the laft puHey, which is the fame 
wkh the velocity of the weight, be put equal to 
unity, the velocity of that which immediately pre- 
cedes it, to wit H, will be as two, and the velo- 
H 2 Qity 
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Lj|CT. piqr of G, as four, apd pf E, ^ eight, an^ ^;^ 4 
^Iv if tl^ecc be mone moveable puUies, ;hc velocity 
will Ipe jC0Otin\jaily jdoiibled, and fince tl^irelqcinr 
pf the l^ft pulley is icjyjreffled by unity, th^t of the 
fii;^: Avjll.be.expreffed by the lafl: term of a ^ly^ 
progreflign whpfe firft term is unity, aodf^bcJimn- 
per of terms equal to the number of moyealile puji" 
tes; ^nd xxmfequentlyi fipce the velocity qf tlw 
power is d^ouble that of the firft moveabjle pvlHcf} 
^the dugle pw^^fliopi.beicontinucd tox^^ 
more, ^Iwt term V5ri|l *£?^prefs the jif qlpciJy 4ir th^ 
powcr,^ the ^velocity of the weight bqing as ^jpi^y 5 
Sius, in ttis macnme, tlie nun^bqr oir ipo,ve^!^l? 
puUie;^ bcff^/p^r, the veloqty of the inr^igixt;ai M 
IS to that of ^he poiver aic F, as onp ;o lixtjeeQ ^ if 
Sie^etoi^^ weigfit appended at F be to tKe we^ht 
it JVl, ^s ppe 16 fi^cteen, Jj^fe ^ill be a Jb^J^dc. 
! ThQ^ tbi3 engine be ,pt^ fofce tlian ^n^ 

other wherein there is the ^une number of more- 
able pullics, yet inafmuch as it doc^s for t^iat very 
^e^foq jaiie wejglits more f(lowly ; men for ftji 
^e pf difpatch choofe r^i;^ to rrfal^e u% of ^£110^ 
cpmbipations ^of puUi^s §^ are reprcfentod in {t^ 
5th and LOt^ Figufcs^ an^d .wtherethcy lu^occaiiQ^ 
tp raife j(^ry J^rge ^qight?,,they double tlfefpi:q?-^ 
, thqie .fpaghines by t|ie additicfn of a runner. 

The fourth mechanick Power is called t^ 
A?CL£ IN T^E WHEEi > >which U a finjpie ^^ne 
^onfiAing of one wheel fixed to the end of an a^^ 
^hat turns along with the wheel ; the n;iapner ^ 
jjaifing weights by the help, of this machine is t^s : 
the power being applied to fome part of the WheelV 
circumfei^encqf turns the wheel and together wici^ 
it the ^Ic, by.whiqhmeans a rope i}i^t^i^;ti^ 
the weight at one end, and made faft tothie ?)3qe 
at the other, is wound abput the ^^le;» ^nd there^ 
the Yfeight drawn up ; and for as much as.thc^liipi^ 
^nd its axle revolve togethjer, in whatever tipic -tl>p 
ppwqrmpves thro' a Ipacc equal to thecjtraumfcrence 

' \ of 
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tf ffie-^SeW, the W«^e rtttiR b tfh*^ finSi? tflh^ be Bijr/ 
m^vtp,t^fdri{^zb€6civ:A crraffiftrence' J^^ 

»itt tfic^ocity of the ^^jg^; zi tS^ ctr^uHifettncc 
of t!i^ Whedtb the circumftrerke of tfte aiTe;^ tha^ 
5; fr6m the natuVtf of the dWle, aVtfie dfemetei:' 
tfdriefa^lfe diatfait^ of the btRer; if therefor^ 
ifec pcrtrrt" be to' the #iigHt in the JtiWrJt raiid 
of dWfe dtirA^ters -, ^hat is to fiy, Ff tli^ power be 
to thtf W^^t as thtf diameter of the ikh tx> the 
^ahiiiter (Jf the wheifl, there will be a balarite ; the 
^>6W^r hi'tHatcale beih^^ft ftifficierit to fupport 
ti3fc'trfe?ght. For iiiflraftce, tf the diameter of the Exp, 7, 
^irtWtt Yki fivtf irtchcsi and that of the axte one, d 
height of one ounce hat^ging froni any pdint in the 
dhtumfe^nce of the whi^el, ViriH fup^oYt a weight 
6f five' olineea hanging at the aile ; and if the dfia- 
mAd:'of the axle be but half an inch, then will ten 
omiciS at the aide be ftipbot-ted by one at the wheel. 

.Where the parts of the akfe differ in thicknefs. 
If ^eighis be hung at the fcveral pai^tsf, they may 
Be fiiftairicd by one and tire feme pbwer applied to 
the circumference of the wheel, provided the pro- 
daft ariiing from the mukiplication of the power 
mtd thdi diameter of tlie wheel, be equal to the 
turn of the produflis arifmg from ^hc multiplication 
6f tlie Ifeveral weights into the diameters of thofc 
flarts of the axle ftom which they arc fufpcnded. 
Thqi a Wcij^ht of five ounces hanging from the Exp. i. 
jatt of an axle whofc diameter is one inch, and 
^otlier of ten ounces from a part whofc diameter 
U hilf an inch, will be balanced by a weight of 
two ounces hanging from the circumfecence of 
flic' wheef Whbfe diamtter is^ five inches-, for the 
*ftih tf t}it pi^odutfts 6f five into one, and of ten 
iM6 orit half, which expr^fs Ae tnoments of the 

t^iightsf, is equal to ten, as is alfo the produft of 
rWr ihtb' five> which expreDfcs the moment of the 
ptifrit. ■ 

H3 If 
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I^oT. If to the ?pde in the wheel be added one or more 
^ V^j^ wheels with teeth, fo that motion may be commu-; 
^^^V^^ nicated from the firft wheel to the laft ; the weight 
being hung from the axle of the lad wheel,, whil^ 
the moving power is applied to the x:ircumfcrcnce 
of the firft wheel ; in order to a balance, jthe power 
muft be to the weight in a ratio compounded of 
the inverfe ratio of the diameter of the firil wheel, 
tp the diameter of the laft axle, and of the inverfe 
r^2//>of the number of revolutions made by the firfl^ 
wheeJ, to the number of revolutions n>adc by the, 
laft axle in a given time ; for if the firft wheel and 
. ; the laft axle revolved in the fame time, the r^?^ of 
* * the diameter of the wheel to that of the axle, would 

cxprefs t\iG. ratio of the velocity of the powejr, ta 
the velocity of the weight ; but if the wheel re- . 
volves oftener than the Taft axle in a given time, it 
is evident, that the ratio of the velocity of the 
power to that of the weight, will be greater in that; 
proportion ; confequently the velocity of the power 
muft be to the velocity of the weight in a ratia. 
compounded oi,t\it ratio of the diameter of the 
firft wheel to the diameter of the laft axle, and of 
the revolutions of the firft to thofe of the laft axle ia 
Z given time ; and therefore, that there ipay be a 
balance between the power and the weight, the for-* 
mer muft be to the latter inverfly in the fame com- 
Exp. 9. pounded ratio. For inftance, in a machine con-? 
fifting of two wheels with their axles, wherein the 
diameter of the firft wheel is four inches, and that; 
of the fecond axle a quarter of an inch, and where- 
in the cogs or teeth of the firft axl^, by sipplying 
themfelves fucceffively to the teeth pf the fecond 
wheel, turn it about, and therewith its axle ; but 
the teeth of the firft axle being in number but 
one fourth of the teeth of the ftcpnd wheel, that 
axle, and confequently thp firft wheel, muft re- 
volve four times in order to turn the fecond wheel 
and its axle once^ fo that the revolutions of the 

firft 
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firft wheel in a given time are to the rcvolutiohs of 
dhe fecond axle, as four to one : in this machine, 
ih order to a balance, the power muft be to the 
weight inverfly in a ratio compounded of fixteen to 
one, and of four to one; that is, it muft be to the 
weight inverfly as fixty-four to one ; fo that a 
weight of one ounce at the circumference of the 
firft wheel, will fupport a weight of fixty-four ounces 
fattened to the fecond axle. 

Again, in a machine compofed of three axles, Exp. lo. 
the two laft having wheels with teeth, and the firft 
a perpetual fcrew, which in each revolution of the 
firft axle moves one tooth only of the wheel of 
the fecond axle ; which wheel having twenty-eight 
teeth, moves round once in the fame time that the 
firft axle turns twenty-eight times ; and there being 
9 fmall wheel with fourteen teeth at the other end 
of the fecond axle, and thefe teeth applying them- 
felves continually to the teeth of a wheel fixed on 
the third axle, which are twenty-ei^ht in number ; 
the wheel of the third axle muft revolve but once 
in the fame time that the wheel of the fecond axle 
revolves twice, and of confequence the third wheel 
and its axle move round but once whilft the firft 
axle performs fifty-fix revolutions ; and the diame^ • 
ter of the firft axle is to that of the laft as two to 
one *, in order therefore to a balance between the 
power which is applied to the firft axle, and the 
weight which is applied to the laft; the power muft 
be to the weight inverfly in a ratio compounded of 
two to one, and of fifty-fix to one ; that is, the 
power muft be to the weight as one to an hundred 
and twelve ; fo that one ounce hanging from the 
firft axle will fupport an hundred and twelve ounqes 
hanging from the laft axle. 

In order to exhibit the force of the wedgb, 
which is the fifth mechanick power, let AD repre- W- 3* 
fent the bafe of a wedge, from whofe middle point ^^S* '^ 
9 let the line B £ be drawn perpendicular to the 
H4 fide 
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vir. 



fide D C, and the line B C ^t right angles to A 
and confequently, bifeding.the angle ACDma^ 
by the cdntourfe of .the wedge's fidesl 

In cleaving timber with a wedge, the force of tl 
mallet which ftrikes the wedge is to be looked u 
on'as the moving power, and the eOhefioh of the] 
parts of the timber, as the refiftance or weight tB 
be moved ; novlr, whilft the wecTge ii-dri^en^ by the' 
repeated ftrokes of the mallet froril B to C, Cfor | 
fiippofe the edge of the wedge to be placed on the 
top 6( a piece of timber at B in 6fdclr to rend it) 
the fpace defcribcd by the wood as it yields- on^ each 
fide of the wedge in lines perpendicular to thofe 
fides, is equal to B E. Confequently, th^t the mo- 
ment of the mallet may be equkl tathe refiftance of 
the vf^ood, the abfolute force of the mallet rtiuft be 
to the force wherewith the parts of the wood cohere 
as^BE to BC, that is, as the fine of tife angle BCD 
to radius •, whence it follows, that all fimilar wedge$ 
are of equal force, for in fuch the angle B C D is 
given ; it likewife follows, that the powers of dif- 
• fimilar wedges are inverfly as the fines of tht artgks 
BCD, or in other words, that the forces requifite 
to rend timber with fuch wedges/are dircdly as the 
fines B E, which is confirmed by the foll6>ving ex- 
periment. 
Exp. II. Let a m^hine be fo contrived, as to confift of 
two equal cyiinders, rolling upon their axles in aa 
horizontal pofition along the edges of two rulers, 
and let them be drawn and kept together by t 
weight of 2000 graina hanging freely by a rope, 
fattened at each end to the cylinders, and let the 
edge of a wedge be placed between the eylinders, 
fo as that when a fufficient weight is hung to it, it 
may be drawn down between the cylinders ; in this 
inachine the'force wherewith tlie cylinders are drawn 
together, added to the attrition of their toles i« 
rolling upon the rulers, may be looked upon ^ 
the refiftance of the timber, arid the weight of the 
6 wedge 
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i*edge togethtr wkh the ilppfentfin^: weight whew* IfEpr. 
by te ji^ pnilkd^ down between the cyKndersy as^ the , Y _ 
foree df the nhaliet upbn the wedge v now, if thiiec *""^ 
*^@i^ be made ufe of, each thfce' inches lortgv irt 
which the finc^ B E are as one, two^ sUid three, their 
weights likewife being in the fame proportion, the 
firft win bt drawn down by a weight of 300 grains^ 
the fecond' by one of 600 grains, and the dilrd by 
one of 900 grains. 

To the wedge may be reduced the axe or hatchett 
the teeth of faws, the chizel, the augvnr, the fpadt 
and (hoveK' knives and fwords of aH kinds, as alfo 
the bodkin and needle, and in a Word, all forts of 
iffftrumentj w*hich beginnirtg from edges 01^ points 
gi'ow gradually thicker as they lengthen ; and the 
manner wherein the pdwer is applied to fuch inftru- 
mcms, is different according to their different.fliapes 
and figures, and the various ufes for which they 
were contrived; 

The next and kft mechanick power is the 
scuEw, which confifts of two parts, whereof the 
firft is called the male or outfKle fcrew, being a 
cylinder cut in, in fuch fort as to have a prominent 
part going round it in a fpiral manner, which pro-? 
minent part is commonly caUed the thread of the 
fcrcw 5 the other pare which is called thefcmate or 
infide fcrew, and by comnrion workmeathe nut,i§ 
a folid body thait contains an hallow cylinder, whofc 
concave furface is cut in the fame manner as the 
convex llirface of the nniale fcrew, fo thkt the pro- 
Riinent parts of the one may fit the cavities of the 
other. The chief delign of this machine is to 
prc& the parts of bodies dofdy together, and in 
fotnc cafes to break and divide them ; when it is 
mkde ufe of one part-is commorily &ced, whilft 
the other is ctnrnfed round, and in cadi rcvolutioh 
the moveable ^wirt Js carrieid m the diredion of th^ 
a^s of the ciylifider thro* a fpace equal in fength to 
^ HitfefviJl between two contiguous threads^ where- 
by 
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hflhe parts of the body whereon the preflbre is 
made are forced to move towards one another thro* 
a fpace equal to that interval ; which interval there- 
fore does exprefs the velocity wherewith the feveral 
parts of the body give way to the preffure, whilft 
the circular periphery, which is defcribed by the 
power whereby the moveable part of the fcrew is 
turned round, expreffes the velocity of the power ; 
for the moveable part of the fcrew is ufually 
turned by means of an handle or handfpike, to 
jfome part of which the power is applied, and by 
moving round with that part defcribes the circum- 
ference of a circle ; if therefore the moving power 
be to the refiftance of the Body which is prelfcd, as 
the diftance between two contiguous threads of the 
fcrew to the circular periphery defcribed by the 
power, there will be a balance ; and if the power 
be ever fo little increafed beyond that proportion, it 
muft overcome the refiftance, and move the fcrew i 
and thus it would conftantly be, provided there was 
no refiftance from the attrition of the parts of the 
<crew one againft another ; but as that is very cbn^ 
(iderable, there is an addition of power requifite to 
overcome it, over and above what is neceflary tq 
Overcome the refiftance of th6 body whereon the 
preffure is made: for which reafon fuch experi-» 
ments as are made to fliew the force of the fcrew* 
muft vary more from the theory, than thofe which 
have been made concerning the other mechanick 
powers, wherein the attrition is far lefs cbnfider-* 
able; however, it will appear from the following 
jpxperiment, that fmall powers are fufficient by the 
help of the fcrew to overcome great refiftances ir^ 
the bodies which are preffed. 
Exp.' 1 2; Let a wheel whofe diameter is four inches, be 
fixed at its center to the head of a male fcrew in ani 
horizontal pofition, and let the end of a rope, 
which is wound about the groove of the wheel, 
pafs over a pulley in fuch a manner as that having 

9 a weight 
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• weight faftened to it, it may be drawn in a line, 
tliat is a tangent^to the wheel, by which means the 
intire gravity 6{ the weight will be employed in 
turning the wheel; to one end of a lever, fopported 
by a prop at the tniddle,let a weight of fcven pounds 
be hung, and let the bottom of the male fcrew 
reft-on the other end of the lever ^ and let the diA 
tance between the threads of the fcrew be equal^to 
one fifth of an inch, and a weight of three ounces 
and 250 grains being hung to the eiid of the rope 
which paffes over.the pulley, will juft turn the whceU 
and th^eby thruft down the fcrew, and with it tho 
pnd of the lever whereon it refts, and by fo doing 
f^ife up the weight at the other end. 
. . Jn this cafe the power which moves the fcrew, i$» 
to the weight raifed whereby the refiftance that is* 
made to the prefTure is meafured, as one to 24, 
pearly ; whereas it ought not to exceed the propor-.. 
tion of one to 63 ; for the diameter of the wheel be- 
ing four inches, the circumference is twelve and aa 
half nearly, but 12.5 is to 4, which is the interval 
betM^een the threads of the fcrew, as 62^ to one; 
confcquently, if the power which turns the fcrew be 
to the weight that is to be raifed in the inverfe r^ip 
of thofe numbers, that is, as one to 624^, it ought 
to balance the weight, and if it be increafed ever 
fo little, it fhould overpower and raife the weight : 
fince therefore the force that is requifite to turn the 
wheel is nearly three times as great as what is ne^ 
ceffary to overcome the refiftance of the weight to 
be raifed, it is evident, that almoit two thirds of 
that force is employed in overcoming the refiftance 
ariling frpm the attrition of the parts of the fcrew 
one againft another 3 what the nature of this'refift- 
^nce is, and in wl^at proportion ^t varies^ Qiall be 
ihcwn hereaftqr. 
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LECTURE Via 

Of C M P O U N D 6i N O I N E S. 

i ' ■ ■ 

Lect. 'Tf^HE iicchaftick powers, ^hich foMSiJi nfdft 
VIII. Jt' part are made! ufe of feparateljr, rrfiay irf tna- 
^-v- ^ ny cafes be combifled together, and engines- lAdi*^ 
by formed of fuch elH^acf, as that by the He^ 
thereof exceeding great Weights may be raifed hf 
vtrf fmall powers. In all foch tbmpoundetf m*» 
chines the prOportiori which A^ t^dvirt| pdwef b^a^ 
to the weight when they balance each otftfer^ \i 
compounded of thcf leverad tatftfi which fliofe'iSbw- 
ers have to the weight ^h\t\i bahince it in' cacR 
fimple machine, whereof the" eorhpounded engiiiii 
confifts* Thus when a tttachiHfe is eotnpofed'^ att 
axk in the wheel and a pulley,^ by faftening thi 
drawing rope of the one to the axle of the other 5 
Ae power which biifances the weight in FucTta iH^ 
chine, rtiuft be to the weight, in a r^//V conriptilTitded 
of the ratio which that power has to the weight 
which balances it by means of theaxli in the whed 
alone, and of the ratio which that power has to tfed 
weight, which balances the weight by nieartsofthi 
Exp. I. pulley alone. For inftanc^e, if the nature of tlie pul- 
ley be fuch, as that a power equal to one tenth part 
of the weight balances it 5 and if the axle in the whed 
be fuch, as that a power equal to one fifth part of thd 
weight can fupport it ; the power which balances 
the weight in the compounded machine, will be ti6 
the weight in a ratio compounded of one to ten, arid 
of one to five, that is, it will 'be to the weight a* 
one to fifty i fcir, fince . the Weight is in eflfeS 
faftcned to the axle of the wheel by means of tJfit 
rope which goes round the pullies, it is evident 
that the axle will be drawn by a force equal to that, 

which 
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41^4^ v#;n ap{)^^: to ^the 4^^ng rppe qf the 

g^ j^lkiy, yih^^: fpiic^e.is bjiupppfitiofi equal i;0 
one tenth part of the weight ; but that force at ft^vc 
^le IS baJianc^ by aiifth p^rt thereof ^ppli^^ to 
rtfa^jK^beel ; cpn|S;queiuly9 the p^^wer rc^quifue to Jpi;^ 
^aniqe the wei^bt iathis ai;sic)ifn€, Unequal ^oone^fth 
j^iCffle teml^ p^i;? ,of the wcijght, that is, the powqr 
^^ihe wq^lit, as oi>e t9>^y< So that one Qupoe 
^ tiie wtiod w^ll.fujppqrt fi^fty pvinces at the pulky, 
. if a -machfec be C9fi[>pq&d of the lever, the a^cle, Exp. z. 
^ffdf^f^erpe^u^/cce^; the leyer b^ing thirfeen 
^qhes (longv and %6d at its center to an ax}^ 
-jwhqr^OB is f jier^i^tiuftl fcreiw, the tooth vi^iereQf 
adapts kfcif tothe ^eedi of^jie wh^e;! of ?in axlc,ttli 
4^eiii Qf that wheel -being twenty-four in number, 
;^ i^bc 4ifi<^t^ of the aade b^lpn^ging to th^t 
^heel^qual to fipt(epi;h$ Qfaninch; in fuch a m^ 
xl^j^e .ti)e pc^wr bejr^g applied* to one end of the 
^vjer, .^pd the weight to ^he axle of^the toqthe^ 
wheel, tjie ifermer wjU b^arice the latter, if it be in 
.pcofiorcion thereto, as q^e to 520 ; for if the kver 
<9:which the |)Qw^r is applied, mov^d round in xhp 
fyaas time with the axle of the toothed whec;! 
w|MBi?ew>to the ;^e^ht is fattened, ^he power 4voul4 
Jl?e K> ishc weight, as the diameter of the axle to the 
iengtii of the Je^^er, )th;^ is, as fix tenths of an inch 
p9 thirteen- ipches, or in whole numbers, as fix to 
^ -lipndred ^fi. tihir,^ ; but as there are 24 [{eeth 
y^ the wl^el qf [tjiat^ajckj which ii^H^ns the w«jgh?» 
^Joa as tiie en^^^' ;fc?rew moves but one of thofe 
Jgillb in each rewg^lutian of the lever, the lever 
^uft ^ Tqwp4 s^ rfia^es in order tp t^i^n the fkx\^ 
^i\f\ck S\\ikd\ns th<5jWicigJit;, once; upqn which ac- 
5^nt xi\c ;po!?wBr.pipft be to the weight, as one tp 
949 ^tfl^ch f^diio of HKie to 24 ^bf ii^ cqmbined with 
itif forfi?er qf fix to 1.30, give? sl r/2tio of im-^ 
^i^, or. of one 10.5^0; fo that an oun<^e w^ighf 

i^]pgm^4c^^^m\^ aJl.Us^ffty+^Xi^ripnc^nd of 

the 
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the lever in prdcr to turn it round, which may be 
done by fixing i wheel to the lever, will balance k 
weight of 520 ounces at the axle of the toothed 
wheel.. ' ' 

Exp* 3, If to the laft machine one nfioveable pulley t^ 
^dded, it will conftitute a machine of double the 
force ; for the ratio of the power to the weight in 
the foregoing machine, being as one to 520, and in 
a fingle moveable pulley, as one to two ; the raih 
compounded of both, will be as one to 1040 ; fo 
that in this machine an ounce will balance^ 86 
pounds 8 ounces; afid if the ftrength of a man^s 
hand be fuch, as that it can without the affiftance of 
an enginie fupport an hundred pounds, it will by 
thehelp of this machine fuftain 104000 pounds. * 
In all that has beett hitherto faid concerning the 
-mechanick powers, the moving l&rce and the 
weight or refiftance have been fupjpofedi to aft ih 
dircft oppofition to one another. I Ihall how con- 
fidjer the effedls of powers afting obliquely, and 
fliew in what cafes they balance each other. 

And firft, if three powers afting in oblique di- 

reftions, be to one another, as the refpeftive fides of 

a triangle formed by the concourfe of three lines 

drawn parallel to the direftions of the powers 5 

thofe powers will balance one another. For in- 

ftance, if three powers drawing the point A in the 

PI. 4. direftions A B, A C, and A E, be to orie another, as 

|>g- '• the fides of the triangle A D E, or A D €,■ made by 

^* *• the concourfe of the lines AD, A E, and E D ; or 

A D, C D, and A C, which lines are parallel to the 

direftions of the powers •, they will balance one ano* 

ther, and the point A will remain unmoved. 

For if the line AD be fuppofed to denote a power 
equal to that which afts in the direftion A B, but 
contrary thereto; the power denoted by AD vrtH 
draw the point A as forcibly towards D, as it is 
drawn by the oppofite power towards B; confe- 
quently, there wilKbe a balance between the two 

powers; 
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powers; but the pow«r denoted by AD ma^ be Lfiti?. 
refolved into two powefs dttfoted'% AE or Cd, VHI» 
aftd AC or ED-, which* «wo pdwers ^ ading to- "^'9'^ 
^ether upon the point A' in -thieir prober dir^i- ^ . ' 
ons AE arid A Ci will draw it as ftrongfly towards . . ^ 
D, as it is drawn by tfce Tingle >po war d^nC>t^ by 
AD', as is evident from whit bas^^been faid concent- 
ing-the refolutton and compofifiort df nxitionijirrfd 
•forces ; confecjuently, two pdw^fs which are as A E 
or C D, ai^-ED or AC, ^ftiilg in the dirdftfons 
A E and AG, will balance^t?^ third power which 
is as A D adling: in the dircltidn A'By that ivtwo 
powers, which at« 'as ihe t^b fide$ of a triangle, 
ading in directions' pa^alld k^tJtofe fides will ba^ 
lance a third power, whkb is^is^fie third fide^ arid 
which ads in a direflion parallel dliereto ; and what 
has beeti thus proved hp^himW of t\v<>6(tht 
powers with regard to the thil-d, is in like manner 
demonftrable of aiiy two of the powers with refpeft 
to the other; confequently, any three powers 
which are to one another re^eaivcly as the fides 
of a triangle, and which zA infdireftions parallel to 
thofe fides, will deftroy each the other's cfFeft, and 
remain in aquilibrio. To confirm this by an expe- 
riment ; let the fides of a triangle A B C drawn on PI. 4* 
an horizontal' plane be as two, ihree, and four ; ^^* *• 
and let C E be parallel to the fide A B, and the fide ^^' ^* 
AC continued towards D. Let three fmall cords 
be joined together at C, and ftretched over three 
puUies in fuch a nianner, as that one of them may 
cover the line C D, another the line C E, and the 
third the line C B •, this being done, if a weight of 
four ounces be hung to the cord which pafles over 
C D, and one of three ounces to that which covers 
C B, and one of two ounces to that which covers 
C E, there will be a balance ; the weights, which 
in this cafe are the moving forces, being to one 
another as the fides of the triangle to which the di- 
reftion of the weights are parallel. 

li 
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If %he >Pci^t A Jwmgsifircdy from one fsxd^f 
bjil^ncc, ib $$ lo have ift liw ^ (iii?eftk)n D Apet- 
p-J^"^^ ^a4icular la ri« ann of the b^boce ; aad if WQ- 
Fig. 3, 4. ther weight as iB, be hung at the other end £, tfi 
Exp. 6. iuch a manaef ^ as that its luie^f .<)ire&k>a E.C ihjr 
p^Sk^ met a RuUcy at C m^ be qbljqwc ,¥> ite 
.ar«j ctf the Mance, iriie weight ^ m^& be to xhgt 
. i^j^iglit A wtea it€OWHei?bateiGcs it, as £.C tp 
,Cf, that is> as radius to the fine .<if the an^ 
?C EF made fey the oblique ;direftiCMJ of B Jviftb 
ithe arm ,€f ;tHe balance ; for if the .wh^le l()rce ik£ 
(gfsav^iqy ill the weight B ^fiting in the dircdtion E C» 
^be 4^>^ted by ,the <line E C, it may be refqked iii- 
4P two for«5^ dswftted by E^ aod iF C, afting Hucli 
id^i^fStions of ithofc ;lines» of which s^o tforoes, . fthn 
j^i^ceftwly whiftbi afits.in^l^.dii^ioa FrC jpcr|;«iuii- 
<:^ar to thc^rai/irf^thefbatence wi^fl^nds^iheifQcc* 
i^.gwvity in (h$ Wight A^ ^e loeher ^rxre which 
:^ in the di^joniitF bwg «mi«ely «n[)playcdin 
ip^eJlfing^be balance^a^iinft fhi? axis^of it« motion 15 
^^nee -therefore* jfhac 'parti of the ni^eigbt B which 
<aiftsin oppofuion to ike weight A » is io the whole 
iw^gbt B, as FC «> EC jit is mftrtifoft, that io^b- 
4er to make the i*^cight B'balanqc.thc weight A, k 
imuft ^xqeod the ^^ight A in the lameprpportion 
that the line EC e;cceeds the rline FfC ; and thu^ 
tit is found to be from experimems 5 for if the pu^ 
4ey be fo ordered as that EC may .be to FGjas 
rthree to two» then a weight >pf three jOunces ap- 
pended at E, will balance one of two ouncijs ap- 
j)ended at D. - 

As a cQm)i:,L:ARy itfoUov/s, that the pcupeodi- 
cul^r diftanees of the Jines of dire&icin from tte 
center of motion, are to or>p another. inverjjly as the 
weights -, for, . if from G the center of motiqn be 
Jet fall GH perpendicular to ]EC,,that4ine wjll he 
xht perpendicular djftance of the direftion E C from 
. Q ; .and EG, equal xo D G, is the perpendicular 
didanqeof the direction DA; (but the triangles 

EFC 
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E F C and E H G are fimllar, bccaufe their angles 
at £ are equal, and they have each a right angle *, 
confcqucntly, as E C is to C F, fo is E G to H G 5 
but the weight B is to the weight A, as E C to FC, 
that is, as E G or D G to H G -, fo that wherever two 
powers,* which aft in oblique direftions, are to one 
another in the invcrfe ratio of the perpendicular or 
fhorteft diftances of their lines of direction from the 
center of motion, they muft balance one another ; 
whence it follows, that if two weights as A and B, ^V 4* 
be fufpended from two points as D and E in the ^^* 5* 
plane of a wheel placed in a vertical pofition ; and 
if the line DE which is drawn thro' the twp points 
of fufpenfion, pafles thro' C the center of motion, 
the weights will balance, provided they be to one 
another inverfly as the diftances of their points of 
fufpenfion from the center of motion, that is, if A 
be to B, as C E to C D •, for fince the weights hang 
freely, their lines of dircdkion D A and F B, will 
be perpendicular to the horizon, and of confequcnce, 
parallel to each other; wherefore, if the line H C F 
be drawn thro* the center of motion perpendicular 
to the two lines D A and F B, the triangles D H C 
and E C F will be fimilar, confequently, D C will 
be to E C, as H C to F C ; but by fuppofition, the 
weight A is to the weight B, as C E to C D ; that 
is as C F to C H ; fo that the weights are to one 
another inverfly as the perpendicular diftances of 
their lines of direftion from the center of motion ; 
confequently, they n^uft balance •, and tho* the 
wheel (hould be" turned upon its axis, and the dif- 
tances of the lines D A and E B from C be thereby 
altered, yet will the fimilarity of the forementioned 
triaflg^^s continue, and of confequence the balance 
between the weights will be preferved ; as will ap- 
pear from the following experiment. Let a weight Exp. ji 
of one oun^e be fufpended from the point D, and 
another of two oynces from the point E ^ D C be- 
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irig to E C, as two to one, that is, inverfly as the 
weights, there will be a balance, and the^ wheel 
will continue^ at reft. And if by the force of the 
hand it be turned about its axis either to the right 
from I towards K, or to the left towards M, the 
balance will ftill continue, and the wheel will re- 
main unmoved when the hand quits it, whatever 
be its pofition. 
PI. 4. If the points of fufpenfion D and E be fo po- 

f ig» 6' fited, as that the right line D E which joins them» 
does not pafs thro* C the center of motion ; let that 
line be divided any where as in G by another line 
as I L pafling thro* the center C, and there will be 
a balance, if the appending weights be to one ano- 
ther inverfly as the parts of the line D E, that is, if 
A be to B as E G to D G, provided the pofition of 
the wheel be fuch, as that the line I L may be per- 
pendicular to the horizon ; for fince the lines E F, 
G C, and D H are parallel, FC is to HC, as EG to 
D G ; but by fuppofition, as E G is to D G, fo is 
A to B ; wherefore A is to B, as F C to H C, that 
is, the weights are inverfly as the perpendicular dif- 
tances of their lines of direftion from the center of 
motion, confequently, their moments are equal ^ but 
if by turning the wheel about its axis the line I L 
be put out of its perpendicular pofition, the ba- 
lance will be deftroyed ; becaufe, in that cafe, one 
of the lines of dircdlion will approach nearer to 
, the center of motion, whilft the other recedes •, and 
oi courfe their perpendicular diftances will not 
continue in the inverfe ratio of the weights ; for if 
thewheel be moved upon its axis from I towards K» 
fo as to have the line SCR perpendicular to the plane 
of the horizon 5 the line of direftion D A will ap- 
proach towards the center fo as to becortie D P, and 
its perpendicular difl:ance from the center of moti- 
on will be N C, whilft the other line of direftion 
recedes as far as E Q^ and its perpendicular diftance 
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from C becomes equal to O C * for which reafon 
the weight B muft preponderate, and move the 
wheel about its axis in the direftion 1 K L. And 
as the wheel continues to move in that direftion, 
the dircftion of the weight A will approach nearer 
and nearer to the center of motion, and at length 
pafs beyond it, fo as to be on the fame fide with 
the direftion of the weight B ; fo that the wheel 
will then be moved by the joint force of both 
weights, and continue fo to be, till fuch time as 
the direftion of the weight B getting on the other 
fide of C, B begins to aft in oppofition to A, and 
at length the point I being brought into the place 
of L, the weights do again balance each other, 
the line B E being divided by the perpendicular 
line I L in the reciprocal ratia of the weights. To 
confirm what has been faid by an experiment, let ^^P* ^* 
the line D E in the plane of a wheel be divided in 
G by the line I L in fuch a: manner, as that D G 
may be double of E G ; then fctting the line I L 
perpendicular, let a weight of one ounce be hung 
from D, and another of two ounces from E, and 
the wheel will remain unmoved ; let then the wheel 
be turned a little upon its axis, either to the right 
hand or to the left 5 in the former cafe, the two 
ounce weight will prevail, and carry the wheel 
downward to the right hand, but in the latter the 
fmaller weight will /preponderate, and make the 
wheel to revolve towards the left. 

If the line D E be divided in another point as T, Exp. 9. 
by the line S R, fo as that D T may be one third of 
ET -, and if a weight of three ounces be fufpcnded 
at D, and another of one ounce at E, the fame 
things will happen as in the former experiment ; 
for the line S R being placed vertical there will be 
a balance ; and upon moving it out of that pofiti- 
on the balance will be deftroyed. 

If the crooked lever FCD be fo placed on its PJ- 4* 
ptQp at C, as that the arm C F may be parallel to ^*^' 7* 
I 2 the 
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Lect. the plane of the horizon, and the arm C D inclined 
VIII. ^ thereto , if two weights as B and A, appended at 
^ ^ ' D and F, be in the reciprocal proportion of the 
perpendicular diftances of their lines of direftion 
from the prop ; that is, if B be to A as FC to EC 
there will be a balance ; for as long as the arm CF 
continues parallel to the horizon, the weight B hang^ 
jng from the point D afts in the fame manner in 
oppofition to the weight A, as if it hung from E 
the extremity of the ftrait lever F C continued on 
to E, in which cafe -the weight B that balances the 
weight A muft bear the fame proportion to it that 
F C does to E C ; if therefore the arm D C be bef|t 
in fuch a manner, as that EC may be one half or 
one third of F C, in the former cafe a weight of two 
ounces, and in the latter one of three ounces hang- 
ing from D, will be counterpoifed by one ounce 
hanging from F. 

If by moving the lever, the arm F C be put out 
of its parallel pofition, the balance will be deftroy^ 
cd ; for that cannot be prefefved, unlefs the dif^ 
tance of B*s dire&ion from the prop continues to 
bear the fame proportion to the diftance of A's di- 
reftion, that E C does to F C 5 which in this cafe is 
impofTible ; for firft, if the point F be moved up- 
'ward towards H, and of courfe the point D down- 
ward towards G, it is manifeft, that the diftances 
of both direftions will be leflened ; but the decreafe 
of EC in a given time will bear a greater propor- 
tion to the decreafe of F C than E C docs to F C ; 
for by that time the point D has moved from D to 
G thro' the arch D G, which meafures the angle of 
C p*s inclination, E C will Vani(h •, whereas F C 
cannot vanifli till fuch time as the point F has moved 
from F to M thro' the quadrantal arch FM-,'but in 
the fame time that the point D moves from D to 
G thro' the arch D G, the point F can move only 
from F to H thro* the arch F H fimilar to D G ; 
which arch being always lefs than the quadrart, the 
3 pcrpen- 
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perpendicular diftance of A's diredion from the 
propi to wit F C, wili not vanilh upon the arrival of 
ihc point F at H, that is, if will not vanifh fo foon 
as £ C ; confcquently, the decreafe of E C in a 
givep time mull bear a greyer proportion to the 
decreafe q{ F C, than E C docs to F C : wherefore 
£1C as diminiihed in any given time, will be to 
F C as diminiihed in the fame time, in a lefs pro- 
portion than that of EC to FC ; or in other words, 
ike perpendicular diftance of B's direftion from the 
prop will bear a Icfs proportion to the perpendicu- 
lar diftance of A*s direftion, than EC does to FC; 
md therefore the weight A will preponderate. If 
the point F be moved downward, and confequently 
P upward, it is manifeft from the infpeftion of the 
figurci that the diftance of A's diredion from the 
prop continually diminiflies, at the fame tinie that 
the diftance of B*s direftion increafcs ; and there- 
fore the weight B muft in that cafe overbalance the 
weight A. 

If F C D be a crooked lever placed as the laft, PL 4. 
and if a weight, inftead of being hung from the ^^S^ ^» 
arm D C, be laid thereon at D, and by a vertical 
plane, as H K, fet clofe to it, be hindered from 
falling off', from the point D, whereon the weight 
refts, let the line DE be drawn perpendicular to the 
arm FC continued on towards G •, the weight at D 
will be balanced by the weight A hanging freely 
from F, provided the weight D be to the weight A, 
in a rafio compounded of JE C to C D, and of F C 
to C D ; that i§, as a rectangle under E C and F C 
the perpendicular diftances of the direftions of the 
two weights from the prop, to the fquare of C D 
the inclined arm of the lever. For whatever 
be the moment wherewith the weight A preflcs 
dQwn the arm FC, the arm DC muft with an 
equal moment be prefled upward, and with it the 
weight D in the dircftion DG pe;*pendicular to 
> I3 CD 
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Lect. CD; and forafmuch as the fame weight prefles per- 
^ _^ ^^' , pendicularly againft HK the vertical plane, it muft 
^^^^ be prefltd backward by the fame in an horizontal 
direftion -, and at the fame time it muft have a ten- 
dency downward from the force of gravity in the 
diredion ED; fo that it is afted upon by three 
forces in the direftions DG, GE, and E D ; in order 
therefore to a balance, the forces muft be as the 
fides of the triangle DG E ; and the force of gravity 
which prefles it in the direftion ED, muft be to the 
force preHing it in the direftion DG, as ED to 
DG, or, becaufe the triangles DGE and CDE 
are fi.milar, as EC to CD ; but as the force which 
prefles it in the direftion DG is of equal moment 
with the weight A, that force muft be to the weight 
A, as FC to CD ; confequently, the force of gra- 
vity in -the weight D muft be to the force of gra- 
vity in the weight A, that is, the weight D muft be 
to the weight A, in a ratio compounded of E C to 
C D, and of C F to C D, or as the reftangle under 
C E and C F to the fquare of C D. To confirm 
Exp. 10. ^Yixs by experiment, let a crooked lever as F C D 
confift of equal arms, and let it be bent in fuch a 
manner, as that EC may be to CD, as one to two; 
and let a weight of one ounce be laid on at D, and 
another of two ounces be hung from P\ and they 
will balance each other ; for in this cafe the pro- 
duct of E C which is as one, into C F which is as 
two, will ht two ; and CD being as two, the fquare 
thereof will be four ; fo that tijie reftangle under 
E C and C F, is to the fquare of C D, as two to 
four, or as one to two, in which proportion there- 
fore the balancing weights muft be. 
Exp. II. -^11 things remaining as in the laft experiment, 
excepting that the arm C F is as long again as C D, 
fo that EC, CD, and C F, are as one, two, and 
four ; a weight of one ounce at D will be balanced 
by one ounce hanging freely from F ; for C D be- 
z ing 
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ing as two, its fquare is four ; and the produfl of 
£ C, which is as one into F C, which is as four, is 
Jikewife four. 

In wheels turned by the force of water falling Exp. u. 
upon them from an height, and which on that ac- 
count are commonly called overfliot wheels, the 
moving power is partly the percuffive force of the 
water which falls into the uppermoft bucket, and 
partly the gravity of the water contained in the 
other buckets, which are lodged on the rim of the 
uppermoft quarter of the defcending part of the 
wheel ; and the effecVs which thefe forces have up- 
on the wheel, are greater or lefs in proportion to 
their abfolute quantities, and the diftances of their 
lines of direftion from the center of the wheel. 
Thus, where A lOP reprefents an overfhot wheel, P|. 4* 
C its center, K, L, M, N four buckets fixed on the ^^2- 9* 
uppermoft quarter of the defcending part of the 
wheel ; A B the direftion of the water flowing into the 
uppermoft bucket K, CB the perpendicular diftance 
of that line from the center C ; D E, F G, and H I, 
the lines of direftion of the centers of gravity of 
the feveral portions of water contained in the buc- 
kets L, M, N ; C E, C G, and C I, the perpen- 
dicular diftances of ihofe lines from the center C. 
The force of the water flowing into K is propor- 
tional to the quantity flowing in a given time, as 
alfo to the velocity wherewith it flows, and the dit 
tance of its line of direftion from the center ; and 
therefore, where th^ quantity and velocity are given^ 
the force will be as BC, the perpendicular diftance 
of AB, the line of diredion, from C, the center of 
motion ; confequently, the nearer A B approaches to 
the tangent in the point A, or the more obliquely 
the water flows in upon the wheel, the greater will 
its force be. The portions of water contained in 
the buckets L, M, N, have difierent forces accord- 
ing to their different quantities, and the diflferent 
diftances of their lines of diredion from the cen- 
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Lkt. ter C, their quantities being greatcft, when the dif- 
VIII. taxices of jtheir diredions arc Tcaft, for the buckets 

^'^'^^ empty as they defcend ; fo that their force leflens as 
. : they defcend, by reafon of the diminution of their 

quantities, but at the fame time it like wife increaies 
on account of the increafe of the diftance of their 
lines of direftion from the center of motion ; fo that 
Upon the whole, the force in each bucket may be 
Ipoked upon as invariable ; but whether this be fo 
or not, certain it is, that if the wheel be truly cen- 
tered, and the buckets be equal and alike, and if 
the water flows in .uniformly, the whole moving 
force muft continue the fame as long as the wheel 
continues to move; and fince it ads iftceflantly, 
the motion of the wheel muft be continually acce- 
lerated, and that uniformly ; and thus it would be, 
were it not that when the wheel arrives at a certain 
degree of velocity, the refiftance which ii given 
becomes fo great as to deftroy the incrpi^ents of 
motion as faft as they are generated by tKc moving 
force ; by which means the wheel is made to 
revolve with one uniform velocity, which is the 
greatcft that can be given it by that moving 
power. 
PI* 4' A plane as A B placed obliquely to BC, which 

Fig. 10. jrcprefents an horizontal plane, is called an inclined 
plane ; the angle ABC is called the angle of eleva- 
tion, and its complement B A C the angle of incli- 
nation ; the line A C perpendicular to B C is called 
the height of the plane^ and AB its length. If a 
weight as P be laid on an inclined plane as A B, and 
be thereon fuftained by a power a6ting in a direftion, 
as P F, parallel to the inclined plane ; in order to a 
balance, the fuftaining power muft be to the weight 
as the height of the plane to the length thereof, 
that is as AC to A B, or, putting B A for the radius, 
as the fine of the angle of elevation to radius ; for 
the weight P is a6ted upon by three powers in dif- 
ferent diredionsj the firft of which is the force of 

gravity. 
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gravity, which preflcs it downward in the direftion 
P D perpendicular to B C ; the lecond is the power 
which draws it in the direftion P F parallel to B A ; 
and the third is the plane B A, which does as it were 
prefs it upward in the dircftion P H perpendicular 
to B A ; for as the weight P prcffes the plane in a 
diredHon perpendicular thereto, it is reaftcd upon 
by the plane in a contrary direftion. If therefore 
the iine E G be drawn parallel to P D, the fides of 
the triangle PEG will be proportional to the three 
powers, and the force which fupports the weight on 
the inclined plane, and which aifls in the direction 
P F, will be to the abfolute weight of the body ad- 
ing in the diredtion P D parallel to G E, as PG to 
GE; but inafmuch as the triangles^PEG and CB A 
are fimilar, as P G is to G E, fo is A C to A3 ; 
confequently, the power neceffary to fupport a 
weight on an inclined plane muft bear the fame pro- 
portion to the weight fuftained, that the height of 
the plane does to its length ; which is confirmed by 
experiments; for if a weight of four ounces be laid Exp. 13* 
on a plane whofe length is to its perpendicular 
height, as two to one, it will be counterbalanced 
by a weight of two ounces, provided the whole gra- 
vity thereof be made to aft in drawing the other 
weight in a direftion parallel to the inclined plane, 
which may be done by fattening one end of a cord 
to the greater weight, and then ftretching the cord 
along the plane, fo as to keep it parallel thereto, 
and paflicig it over a pulley at the top of the plane j 
for the fmaller weight being tied to the end of the 
cord which lies beyond the pulley will hang freely, 
and for that reafon aft with all its gravity in a di* 
reStion parallel to the plane. 

The fame weight of four ounces being laid on Exp. 14. 
an inclined plane, whofe length is to its height as 
four to one, will be fuftained by a weight of one 
ounce hanging freely as before. 

the 
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Lect. The force wherewith a body refting on an in- 
^\^^^* clincd plane prefles'the fame, is to the weight of 
' the body, as the fine of the angle of inclination ta 
radius ; for in the triangle PEG, PE denotes the 
force wherewith the body prcfles the plane, and G E 
the weight of the body ; but from the fimilarity of 
the triangles, as PE is to GE, fo is BC to BA; and 
putting B A for the radius, BC is the fine of BAG 
the angle of inclination ; wherefore as BC the fine 
of the inclination is to the radius AB, fo is the 
force wherewith the body prefles the plane to the 
f|« 4* abfolute weight of the body. Hence, if upon an in- 
Fig* 1 1, clined lever as A B, refting on the two props A and 
B, a weight be laid any where, as at P, it will be 
cafy to determine what proportion of the weight 
each prop bears •, for drawing the horizontal line A E 
equal in length to A B, and from the point P whereon 
the weight refts, letting fall PD perpendicular to 
A E, if A E be fuppofed to denote the whole weight 
of the body, A D will denote that part of it which ia 
fuftained by the uppermoft prop, and D E that part 
which is fupported by the lower ; for if the lever was 
horizontal, fo as that the body might prcfs it with all 
its gravity, the whole weight of the body would be 
to that part of it which prcfTes the prop B, as B A to 
PA, as is evident from what has been faid concern- 
ing the fecond kind of lever ; but as in the inclined 
pofition of the lever the whole weight of the body 
does not prefs upon it, that part of the weight 
which the prop B iuftains in the horizontal pofition, 
muft be to the part fuftained in the inclined pofition^ 
in the fame proportion with the abfolute weight of 
the body to the force wherewith it prefTes the in« 
clined plane, that is, as PA to AD •, for putting 
PA for the radius, A D is the fine of the inclination 
of the lever; confequently, the whole weight of 
the body muft be to that part which prefics on the 
propB in the inclined pofition of the lever, in a raiia 
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compounded of B A to PA, and of PA to AD, 
that is, it muft be as B A to AD, or becaufe AB 
and AE are equal, as AE to AD -, and of confe- 
qucnce the part fupported by the other prop A muft 
be as DE. 

Hence it follows, that if two perfons carry a load 
fixed upon a lever, the load being placed between 
them, which is the cafe of chairmen, upon de- 
fcents the foremoft man will bear the greateft 
burthen, and upon afccnts the hindcrmoft. It like- 
wife follows, that in coaches and all other four- 
wheel carriages, which have the foremoft wheels 
fmaller than .thofe behind, the load muft be thrown 
more upon the former than the latter ; what effcfl: 
this has upon the draft, fhall be fhewn in my next 
Icfture. 



LECTURE IX. 
Of Friction* 

IN. my laft lefture I fhewed you what force is 
requifite to fuftain a body on an inclined plane. 
If a body be laid on a plane parallel to the horizon, 
it does not ft and in need of any force to fupport 
it; for as the direftion of gravity is perpendicular 
to the plane of the horizon, the whole weight of the 
body muft be fuftained by the horizontal plane 
whereon it refts : whence it follows, that if any 
power endeavours to move a body refting on an 
horizontal plane in a direftion parallel to the plane, 
it will meet with no reflftance from the weight of the 
body, that being entirely taken oflf by the reacStion of 
the plane whereon the body prefles; but a reflftance 
will arife from the attrition of the body againft the 
plane; for the furfaces of all bodies whatever, 
even fuch as are of the fineft polifli, being in fome 
meafure rough and unequal, (as is evident from the 
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Obfervations that have been midt by the help of 
microfcopes) when a body is moved upon a plane, 
the prominent parts both of the body and plane 
muft of neceflity fail into each others cavities, and 
thereby create a refiftance to the motion of the ho^ 
dy, inafmuch as the body cannot be moved unlefs 
the prominent parts thereof be continually raifcd 
above the prominent parts of the furface whereon 
it Aides ; and this cannot be done unlefs the whole 
body be at the fame time lifted up, and as it were 
rai&d on an inclined plane equal in height to the 
fpremcntioncd* protuberant parts ; upon which ac- 
count the moving power muft fuftain fpme part of 
the weight of the body, even in moving it along an 
horizontal plane. But as this is occafioqed by the 
inequalities in the furface, if thofe were intirely taken 
off, fo as to leave the furface perfeftly fmooth and 
even, the refiftance arifing from friftion would 
like wife be removed ; and fettlng afide the refiftance 
of the medium, the fmalleft force wpuld be fufficient 
to move the moft ponderous body along an hori- 
zontal plane. But fince there are not in nature 
any bodies, whofe furfaces ar^ perfsdly equal, 
th<re will ever be fome refiftance arifing from fric- 
tion; which refiftance will remain unvaried, wbat- 
lever be cHe magnitude of the furfaces that rub on^ 
againft the other, provided the weight which preflfes 
thofe furfaces together, as alfo the roughnefs of the 
furface^, continue thjc fame 5 for the fame weight 
will ever require the fame force to raife it over pro- 
IBinences of a given height, whatever be the mag- 
nitude of the furface whereon the weight refts j 
confequently, the quantity of refiftance will not be 
varied by varying the magnitude of the furface; 
winch may be confirnaed by the following ^xperi- 
ment. Let four pieces of pdiflied box, be laid on 
^xp. I. a poliftied horizontal plane, and let each piece be 
(o loaded as that its own weight, together with that 
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of its load may be 6685 grains, and let the bafis of Lect. 
one be two inches long, and half an inch, broad, J^* 
and thofc of the other three be each four inches in *-nr^ 
kngthi but let their breadths be half an inch, ai) 
inch, and an inch and an half, fo that the magni- 
tudes of the bafes may be as one, two, four, and 
fix ; let then a fmall cord be fattened to the end of 
each piece, and by paffing over a pulley be kept in 
a pofition parallel to the plane, and a weight of 
2030 grains hanging from the end of the cord , 
which lies beyond the pulley will juft fuffice to 
move each piece along the plane ; fo that the re- 
fiftance arifing from fridkion is the fame in each 
piece, notwithftanding the different magnitudes of 
the furface whereon they reft. 

If t^e roughnefs of the furfaces whereon the bo- Exp. 2. 
dies move be given, the refiftance arifing from fric- 
tion will vary with the weights of the bodies, and 
be proportional . thereto ; for if a certain force be 
fufficient to raifc a certain weight over prominences 
of a given height, it is manifeft that a double or 
triple weight will require 2 double or triple force 
to raifc it to the fame height. If therefore the . 
pieces of box be fo loaded, as that each of them 
with its load may weigh 13370 grains, that is, as 
much again as in the laft experiment, a weight of 
4060 grains, that is, twice as much as before, will 
be necefl&ry to move them along the fame plane. 

If the roughnefs of the furface whereon a body 
moves be increafed, the refiftance will likewife in^ 
creafe tho* the weight of the body remains the 
fame ; but as the degree of roughnefs in any fur- 
face cannot otherwife.be determined than by expe- 
riment, fo neither can the refiftance arifing there- 
from : if the plane made ufe of in the laft experi- Exp. j. 
mcnts be thinly covered with fine fand, the refift^ 
ance will thereby become greater in the proportion 
of about five to four ; for the fame pieces of box 
ivhich were fet a going by 2030 grains when th$ 

plane 
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plane was free from fand, will in this cafe require 
25QP grains, that is, about one fourth more. 

To avoid as much as poflible the refiftancc ariling 
from friftion, which in rough and uneven roads 
ihuft needs be very great, wheel carria<3es have 
been contrived; the advantages whereof I fliall 
endeavour to explain to you, but I fhall firft 
fhew you from what caufe it is that wheels turn 
round during their progreffive motion along a 
W. 4. plane. If a wheel as ACB playing freely on the 
Fig.- 12. 3j^J5 at A ^ be lifted off the plane BD by a power 
applied to the axle, and be carried in any direftion 
whatever, it will not revolve about the axle ; for 
fince in all wheels that are truly made, the axle 
paffes thro* the center of gravity, it is evident, that 
in this cafe the wheel is fufpended by its center of 
gravity, and of confequencewill notofitfelf change 
its pofition, but each point thereof will defcribe a 
line parallel to the diredtion of the moving power 
without any rotation about the axle, in the very 
fame manner as if the wheel was fixed to the axle 5 
but if one point of the wheel as B refts upon the 
plane B D, and if a power applied to the axle 
draws the wheel in any direflion as AP, fo as to 
move it along the plane BD; the motion of the 
point B will be retarded by the refiftancc arifing 
from fri(5lion, whilft the point C which meets with 
no refiftance is carried forward without any retar- 
dation of its motion, and confequently muft move 
forward fafter than the point B ; but as all the parts 
of the wheel cohere, the point C cannot move for- 
ward fafter than the point B, unlefs the wheel re- 
volves about its axis from C towards E ; and as the 
feveral points of the wheel's circumference, which 
are fucceflively applied to the plane, fuffer a retar- 
dation in their motion whilft the oppofite points 
move freely, the wheel during its progreffive mo- 
tion along the plane n[)uft continue to revolve about 
it3 axle. . „ . 

By 
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By this rotation of wheels about their axles, the 
refiftance arifing from friftion is very much dimi- 
nilhed, and drafts thereby rendered more eafy ; for 
in plain roads, where the height of the prominent 
part is inconfidcrable with refpeft to the diameter 
of the wheel ; the parts of the revolving wheel < 

which apply themfelves fuccefllvely to the road, 
may be looked upon in fome m^afure as defcending 
upon the minute prominencies, and of courfe muft 
pafs over them without any confiderable fridlion. 
And fo much is the refiftance arifing from friftion 
diminiflied in wheel carriages, that if upon the fame ^xp. 4* 
plane whereon the pieces of box were drawn, a car- 
riage be laid with four equal wheels, each three 
quarters of an inch in diameter, and loaded in fuch 
a manner, as that the weight of the carriage and 
load may amount to 6685 grains, which was the 
weight of each piece of box with its load ; it will 
be fct a going by a weight of 420 grains drawing 
it horizontally, whereas 2030 grains were requifite 
to move the pieces of box along the fame plane. 

From this experiment it appears, that the friSion 
is very much leflened by means of wheels ; which 
diminution is not to be attributed to the wheePs 
touching the plane in a few points, as may poffibly 
be imagined, but to the rotation of the wheels ; for 
. if the wheels of a carriage loaded as before be made 
faft to the axle, fo as not to revolve in their motion, Exp, j. 
2030 grains will be neceflary to fet the carriage a 
going, that is, juft as much as was requifite to move 
the pieces of box. 

As wheel carriages in general meet with Icfs re- 
fiftance in their motion than any other, fo thofc of 
larger wheels, ceteris paribus^ are lefs refifted than 
thofe of fmaller ; for the proof whereof, it will be 
neceflary to premife two lemmas •, the firft of 
which is, that the fecants of angles are to one another 
invcrjly as the fines of their complements^ that is^ AD, W. 4. 
"vohUh is the fecant ^/ B AD, « to AC, which is the ^*S- *3' 

fecant 
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fecant cf BAC^ as AF^ which is thejine of the com* 
plement i?^B ACf /^ A H, which is thejine of the com- 
piemen t of BAD. For from the nature of (iaiilsu: 
triangles AD is to AC, as A £ to A K, that is, as 
AE to AG; but AE is to AG, as AF to AH^ 
confequently, AD is to A C, as A F to A H. 

The fecood lemma is, that if two arches of un- 
equal circles have their verfed fines equals the arch of 
the lejfer circle is greater in proportion to the whole 
periphery^ than the arch of the greater circle ; or in 
other words^ the angle meafured by the arch of the 
lejfer circle^ is greater than the angle meafured Jby the 

P?^* 4* arch of the greater circle. Let H F and D B be t-wo 
*^* *^' arches of unequal circles,^ whofe verfed fines F G 
and EC are equal ; 1 fay, the angle HEF is greater 
than the angle BAD; for fmce EF is lefs than AB, 
and GF and CB are equal, EF is to GF'in a lefs 
proportion than AB to CB; confequently, EG* is" 
to EF in a lefs proportion than A C to AB, that is, 
the fine of the angle GHE is lefs than the fineot 
the angle CD A, and of courfe the angle <} HE is 
lefs than the angle CD A ; confequently, the angle 
HEG, which is the complement of the leffer angle 
G H E, is greater than the angle D A C, which is the 
complement of the greater angle C D A. 
PI. 4. Thefe two LEMMAS bemg premifcd, let H M 

^'g» '5* reprefcnt a plane whereon move the two wheels 
A B H and K L R, which are of different magni- 
tudes, but equal in weight, and let BC and LM be 
two obftacles of equal heights, and of fuch a nature 
as that the wheels cannot otherwifc pafs than by 
furmounting thofe obftacles ; the force requifitc to 
draw the larger wheel over the obftacle BC, is lefs 
than what is requifite to draw the Icfler wheel over 
the obftacle L M equal in height to the former ; for 
fince the wheels revolve in paffing over the points B 
and L, their centers of gravity A and K may be 
looked upon as revolving about the fixed poipts 6 
and L, and defaibiog the arches AF and KP-; 

, confequently. 
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confcqucntly, the forces which move the wheels 
may be looked upon as drawing them upon inclined 
planes, whofe direftions coincide with the diredlions 
of the curves in the points A and K, that is, they 
coincide with the tangents A E and K O ; which 
tangents being parallel to the tangents of the wheels 
in the points B and L, that is to fay, to D B and 
N L •, the centers of gravity of the two wheels, and 
confcquently the wheels themfclves may be looked 
upon as drawn up the inclined planes DB and NL-, 
but fince the wheels are fuppofed to be equal in 
weight, the forces which fupport them on the in- 
clined planes D B and N L, the height whereof is 
given, muft be to one another inverfly as the 
lengths of the planes -, that iif, the force which fup- 
ports the larger wheel on the plane D B, muft be to 
the force\fupporting the fmaller wheel on the plane 
N L, as N L to D B ; that is, putting B C or L M 
for the radius, as the fecant of the angle N L M to 
the fecant of the angle DBC ; or, becaufe KS and 
L M, as alfo A I and B C are parallel, as the 
fecant of the angle K S L to the fecant of the 
angle A I B 5 but, from the nature of fimilar 
triangles, the angle KSL is equal to the angle 
KLQ, as is alfo the angle AIB to the angle ABG; 
and therefore the force which fuftains the greater 
wheel on the inclined plane DB, is to the force fuf- 
taining the leffer wheel on the inclined plane N L, 
as the fecant of the angle K LQ^to the fecant of the 
angle A B G -, but, by the firft Lenma^ the fecant 
of K L Q^is to the fecant of A B G, as the fine of 
B A G to the fine of L K Q^; and, by the fccond 
Lemwaj the fine of B A G is lefs than the fine of 
LKQj confequently, the force which raifes the 
greater wheel over the obftacle BC, is lefs than the 
force which raifes the lefler wheel over the obftacle 
LM equal in height to the former -, but the forces 
requifite to make the wheels furmounctheobftacles 
§re the meafures of the reflftances, and therefore, 

K ceteris 



Digitized by VjOOQIC 





Of WHEE.L carriages. 

ceteris paribus^ the greater wheel muft meet with 

lefs refiftance from the fame obftacle than the 

£~ "^ ^ fmaller. To confirm this by an experiment, let 
an obftacle one tenth of an inch in height be fixed 
on an horizontal plane, and clofe behind it let there 
be placed the carriage with four equal wheels, each 
three quarters of an inch in diameter, and if it be 
loaded in*fuch a manner as that the weight of the 
carriage and load may amount to 6685 grains, it 
will not be raifed above the obftacle by lefs than 
2850 grains drawing it in a direftion parallel to the 
plane ; whereas if four wheels, each an inch and 
an half in diameter be fitted to the fame carriage, 
the weight of the whole being the fame as before, 
it will be raifed above the obftacle by 2050 grains, 
that is, by 800 grains lefs than were requifite to 
raife it with the fmaller wheels. , 

From this experiment it appears, that the refin- 
ance which larger wheels meet with in furmounting 
obftacles is lefs than the refiftance given to fmaller 
wheels by the fame obftacles ; ahd from what has 
been demonftrated it is evident, that the refiftance 
given to the greater wheel is to the refiftance given 
to the fmaller, as the fine of an angle meafured by 
an arch of the greater wheel, to the fine of an 
angle meafured by an arch of the fmaller wheel, 
the verfed fine of each angle being equal to the 
height of the obftacle \ fo that pptting R and r for 
the radii of the two wheels, and x for the verfed fine 
or the height of the obftacle, it follows from the 

r . . , » V2RX XX. 

nature of the circle, that as — ^ is to 

V 2rx xx^ ^Q jg jhe refiftance given to the larger 

r 
wheel to the refiftance given to the fmaller, or di- 

* V'2R — X \/2 r -X 

viding by x^ as R~"^^"^ 5 ^"^ as ^^^ 

proportioa 
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proportion of thefe fines is not fixed, but varies with 
the height of the obftacte, fo ]ikewife muft the pro- 
portion, which the refiftance given to the greater 
wheel bears to the refiftance given to the fmaller 5 
and all that can be determined in this cafe is, that 
larger wheels ever meet with lefs refiftance in fur- 
mounting obftaclesthan fmaller; and that the dif- 
proportion between the refiftances fufFered by each 
wheel, increafes with the height of the obftacle. 
Indeed where the obftacle vaniflies, which is the 
cafe when wheels move upon planes, the exprefllons 
for the refiftances, and confequently the refiftances 

themfelvcs are, as ^-p" and v^"", that is, the refift- 

ances are inverfly as the fquare roots of the femi- 
diameters of the wheels ; fo that where the heights 
of the wheels are as one and two, the forces re- 
quifite to draw, them along the fame horizontal 
plane, are as fourteen and ten, that is, inverfly as 
the fquare roots of one and two, which is confirmed ^ 
by experiments ; for whereas the carriage whofe 
wheels are three quarters of an inch in diameter^ 
required 420 grains to move it along the horizontal 
plane, the weight of the carriage and load being 
6685 grains, the carriage whofe wheels are i4- 
inch in diameter, when loaded in the fame manner, 
will be fet a going by 300 grains ; but 420 is to 
300, as 1 4 to 10, that is, the forces requifite to 
move the two carriages along the fame plane are 
inverfly as the fquare roots of the heights of the 
wheels. 

If the nature of the obftacle be fuch as to be 
bore down by the preflure of the wheel, the larger 
wheel will in this refpedt likewife have the advan- 
tage over the fmaller, and deprefs the obftacle with 
greater force. For let L K be continued to T, fo PI. 4. 
that T L may be equal to A B ; and fince the wheels Fig. «S- 
arc fuppofed to be equally weighty, let A B and 
K 2 T L ex. 
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T L exprefs the abfolute forces of the two wheels 
afting againft th^ obftacles in the direftions AB and 
KL*, it is evident from what has been faid concern- 
ing the refolution of forces, that the force denoted 
by AB may be refolved into two forces ; one where- 
of may be denoted by A G, and the other by G B, 
whereof AG alone ads in depreffing the obftacle 
B C, inafmuch as it bears direftly down upon it ; 
whereas the other force denoted by GB, inafmuch 
as its direftion is perpendicular to the obftacle, may 
thruft it forward, but can contribute nothing to- 
wards preffing it downwards from B towards C. 
In like manner the force denoted by T L, is re- 
folvable into two forces, which may be denoted by 
TV and VL, whereof TV alone adls in depreffing 
the obftacle L M; confcquently, the force where- 
with the greater wheel depreffes the obftacle, is to 
the force wherewith it is deprcflcd by the lefler, as 
AG to TV, or as the fine of the angle A B G to 
the fine of the angle TLV or KLQ^; but by the 
lecond Lemma^ the angle BAG, which is the com- 
plement of G B A, is lefs than the angle L K Q 
thecomplement of KLQ^; confequently, the angle 
ABG is greater than TLV, and AG the fine of the 
former greater than TV the fine of the latter; but 
as AG is to TV, fo is the deprefling force of the 
greater wheel to the deprefling force of the lefler 5 
confcquently, the fame obftacle is more eafily de- 
preflTcd by the larger wheel than the fmaller, and of 
courfe muft give lefs refiftance to the former than 
to the latter. 

If the obftacle be fuch as that it can neither be 
furmounted nor depreflfed, but muft be driven for- 
ward, then indeed the fmaller wheel has the advan- 
tage of the larger; for the forces of the wheels being 
refolved as before, the lines GB and VL will exprefs 
the forces which a6l in driving the obftacle forward j 
but it has been demonftrated, that G B the fine of 
the a^gle GAB, is Icfe thaq V L the fine of the 

angle 
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angle V T L equal to Q^K L ; and therefore the I^bct. 
force wherewith the greater wheel propels the ob- J^ J 
ftacle, is'lefs than the force wherewith the fmaller ^"^^^ 
wheel propels the fame; befides, as the greater 
wheel prcffes the obftacle direftly downward with a 
greater force than the fmaller, the refiftance made 
by the fame obftacle to the propelling force of the 
larger wheel, will be greater than what is made to 
thc^ propelling force of the fmaller \ fo that where 
the obftacle is to be propelled, the fmaller wheel \% 
preferable to the larger ; but as in drafts this is 
rarely if at all the cafe, the obftacles which are 
commonly met wkh in roads being fuch as muft 
cither be .furmounted or deprefled by the wheels, 
fuch wheels are to be preferred as beft ferve both 
thofe purpofes, and thofe I have fliewn to be th^ 
larger wheels ; which likewife are attended with 
other advantages befides what have been already 
mentioned 5 for firft, it frequently happens in rough 
and uneven roads that two obftacles are placed fo 
near each other, that before the wheel has quitted 
one it meets with the other, and refting upon each, 
hangs between them ; in which cafe the fmaller the 
wheel is, the lower it defcends between the obfta- 
cles, and thereby renders the draft more difficult; 
inafmuch as it muft be raifed to a greater height in 
order to pafs over the foremoft obftacle, than when 
the wheel is larger : For the illuftration of which, P|- s* 
let F E and H G reprefent two obftacles placed at ^*S- u 
fo fmall a diflance, that the wheel having fur- 
mounted the firft but not quitted it, may meet with 
the fecond fo as to hang between them ; it is mani- 
feft, that as the arch FDH of the Icflfer wheel, 
which lies between the obftaglcs, has a greater cur- 
vature than F B H, the arch of the greater wheel, 
which lies between the fame obftacles, the point D 
muft defccnd lower than the point B •, confequently, 
the fmaller wheel myft be raifed to a greater height 
thji) the. larger, in order to pais over the fame ob- 
K 3 ftacle -, 
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L^t. ftaclc , and therefore a greater force will be necef- 

M ^r^^ fary to pull up the fmaller wheel, than what is re- 

quifite to raife the larger ; which is confirmed by 

Exp. 7. the following experiment. Let a carriage with four 
wheels, each an inch and an half in diameter, and fo 
loaded as that the weight of the carriage and load 
may amount to 6685 grains, be fo placed on the 
plane before made ufc of, as that the two foremoft 
wheels may hang between two obftacles whofe dit 
tance is half an inch, and their height Itkewife half 
an inch, and a weight of 1 150 grains drawing the 
carriage horizontally^ will move the wheels from 
between the obftacles ; whereas if four fmaller 
wheels be made ufe of each three quarters of an 
inch in diameter, a weight of 2700 grains will be 
requifice to draw them from between the obftacles. 
As wheels cannot always run upon* the nail, 
but muft frequently meet with heavy roads, they 
will fink down, and thereby render the draft more 
difficult ; but the larger the wheels are, the lefs ca* 

PI- 5- teris paribus will the depth be to which they fink. 

f^S' 2. Pq^ if ABC denotes the plane of the road, and if it 
be of fuch a nature as to fufFer^he fmaller wheel to 
fink down as far as E ; it is manifeft that the gra- 
vity of the wheel muft overcome the refiftancc of 
as much of the eartb whereon it preffes, as is equal 
to the fegment HED ; for it cannot otherwife fink, 
than by forcing fuch a quantity of the earth out of 
its place -, and fliould the larger wheel fink to the 
fame depth, the gravity thereof muft overcome 
the refiftance of as much earth as is equal to the 
fegment A E C, that is, it muft overcome a greater 
refiftance in order to fink to the fame depth with 
the fmaller ; but it cannot poffibly overcome a 
> greater refiftance, bccaufe it is fuppofed to have the 
iame gravity with the. fmaller ; confequently, it will 
not fink as deep as the fmaller, and for that reafon 
will make the draft lefs troublefome. 
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As large wheels have the advantage of ftnaU ones 
with regard to the rcfiftance arifing from the ob^- 
llacles and impediments in the roads, fo have they 
likewife in relation to the rcfiftance occafioned by 
the friftion of the pox againft the arm of the axle 5 
not that this refiftance is lefs in greater wheels tlian 
in fmaller ; for fince it is not varied by varying the 
magnitude of thefurface, as has been ftiewn, if the 
boxes, and arms are truly fitted and of an equal 
fmoothnels, and the weights whereby the arms an4 
boxes are prefled together be equal, the quantity of 
rcfiftance will be given, whatever be the magnitude 
of the wheels, as alfo of the arms of the axl^ 
whereon they play; but where the arnjs of the 
axles are of equal diameters, (which is commonly 
the cafe in one and the fame carriage, tho* the 
wheels be unequal) a lefs force is requifite to oVer- 
come the given refiftance in a larger wheel than in 
^.fmaller; for in this cafe the femidiamete.r of the 
wheel may be looked upon as a lever, whofe prop 
or fixed point is at the center of the arm, and the - 
impediment arifing from the fridion of the box 
againft the arm- may be looked upon as a weight 
placed upon the lever at the diftance of the arm's 
femidiameter from the prop, whilft the moving 
power is applied to the extremity of the wheel's fe- 
midiameter ; and therefore in order to a balance, 
the power muft be to the refiftance, as the femidia- 
meter of the arm to the femidiameter of the wheel; 
fince then the impediment is given, as alfo the dif- 
tajicc thereof from the prop, it is evident, that the 
larger the lever is, and confequently, the larger the 
wheel, the lefs is the force requifite to overcome the 
refiftance. Thus, if B E F reprefents the circumfe- PI. ^ 
fence of the arm of an axle, 'whereon the wheels ^^Z* 3* 
AGH and DIK revolve, C the center of the arm, 
BC its femidiameter, DC the fenpidiameter of the 
fqialler wheel, and AC that of the larger; in the 

K- 4 bigger ' 
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bigger wheel the length of the lever is AC, and 
the imallcr DC 5 fince therefore the fame imped 
ment is in both levers placed at the fame diftano 
from the prop C, to wit at B, it will be balanced 1^ 
a lefs force at A than at D ; and the force at A 
to the force at D, as DC to AC, that is, inverfly n 
the femidiameters^f the wheels ; for the force ^ 
A is as B C applied to A C, and the force at D il 
as the fame BC applied to DC; that is the force at 
A, which balances the refiftance at B, is to the force 
at D which balances the fame refiftance, as B C di 
vided by A C, to B C divided by DC, that is, mul- 
tiplying croffwife, and throwing out BC as DC to 
AC. Whence ic follows, that when the (emidia- 
meter of the arm is given, the more the wheel is 
enlarged, the lefs will the force be that is requifite 
-to overcome the refiftance arifing from the fridtion 
of the wheel againft the arm ; fo that upon this ac- 
count as well as the former, large wheels arc to be 
preferred to fmall ones. 

In order to lefTen the refiftance arifing from the 
friftion of the box againft the arm of the axle, 
there has been a late contrivance, whereby the axte, 
contrary to what is ufual in moft carriages, is made 
to revolve, and its arms, inftead of prefling againft 
the boxes, are made to bear on the circumferences 
of moveable wheels, which wheels from their ufe in 
diminilhing the friftion, are by the author of this 
contrivance caWcd friiiion wheels. Now that fuch 
wheels, where they can be made ufe of, do take off 
much of the refiftance occafioned by fridion, will 
Exp. 8. appear from the following experiments ; from the 
axle of the machine called the axle i^i the wheels in 
which the diameter of the wheel is to the diameter 
of the axle, as nine to one, let a weight of 23163 
grains be hung, apd a weight of 2770 grains hang- 
ing at the circumference of the wheel, will turn the 
machine, provided the axle turns on the circumfe- 
rences 
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rnces of two moveable wheels -, whereas, if it turns 
I the pivets it will be neceflary to add 600 grains 
"iore, (6 as to make the whole 3370 grains •, confe* 
[oently the refiftance occafioned by fri6tion in the 
atter cafe, is more than four-fold what it is in the 
ormer •, for fince the diameter of the wheel is nine 
:imcs as great as that of the axle, a weight of 2574 
grains at the wheel is requifite to balance the weight 
Df 23163 at the axle, which balancing weight being 
dcdu(3:ed from 2770, and likewife from 3370 
grains, leaves 1 96 grains for overcoming the refift- 
ance in one cafe, and 796 in the other; but 79$ is 
to 196, as four and a little more to one. 

Again, let a fmall cart with friftion wheels be fo 

loaded, as that its own weight added to that of the 

load, may amount to 20000 grains : a weight of 54 

grains drawing horizontally, will move it along a 

fipooth level table : whereas, if the friftion wheels 

be taken oflF, 322 grains will be neceflary to fet it 

a going. If the cart be fo loaded, as that the 

'weight of the whole may amount to 40000 grains, 

then in each cafe, a double force will be requifite to 

move it, that is to fay, 108 grainy with the friftion 

wheels, and 644 without them ; fo that in this cart 

the friftion wheels take off Jive parts in fix of the 

refiftance *, for 54 is but a little more than a fixth 

part of 322, as is likewife io5 of 644. And from 

thefe experiments it docs again appear, that under 

like circumftances the refiftance arifing from friftion 

is proportional to the weight, whereby the furfaces 

which rub one againft the other are prefled together. 

Seeing then |hat great wheels have in fo many re- 
fpefts the advantage over fmall ones, it will not be 
improper in this place to ftiew you, on what account 
it is that the wheels of common carts, as alio the 
foremoft wheels of coaches,, chariots, and moft 
other four-wheel carriages are commonly made fo 
fmall as fcldom to exceed two feet, and an half in 
diameter j and the firft rcalon of this contrivance 

is 
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is for the convenience of turning ; for as in moft 
roads, but more efpecially fuch as are narrow, there 
are windings of fuch a nature as to allow but a fmaU 
fpace for carriages to turn in, it is neceffary to make 
ufe of fuch wheels as can turn in the narroweft com- 
pafs and fuch are fmall ones ; for it is a thing well 
known to carters and all others who are ufed to 
drive wheel carriages, that the larger the wheels are, 
the greater compafs do they require in order to turn 
with eafe and fafety ; and Ihould they at any time 
lattempt to turn carriages with large wheels as fliort 
gs ]chofe which have fmaller, the wheels will drag, 
and' thereby render the draft very difficult, and 
fometimes endanger the overfctting of the car- 
riage. 

But the fecond, and indeed the principal reafon 
for the ufe of fmall wheels is, that upon afcents, and 
in paffing over obftacles in rough and hilly roads, 
as little of the horfe's force may be loft as poffiblc ; 
if roads were level and fmooth without rifmgs or imr 
pediments, the moft convenient fize for wheels, fet- 
ting afide the neceffity of turning, would be where 
the axle is upon a level with the breaft of the horfe; 
for fince the whole force of the horfe in drawing is 
appljed to that part of the tackle which lies upoa 
the breaft, and to which the traces arejoip^dj. and 
fince the traces are faftened to the carriage in fuch 
a manner as that being continued they muft pafs 
" thro' the axle of the forpmoft wheels, it is manifcft, 
that if that axle be of an equal height with the chcft 
pf the horfe, the traces, in whofe plane the line of 
dirtftion lies, will be parallel to the road whereon ~ 
the carriage is drawn ; confequently, th^ whole force 
of the horfe will be employed in drawing the car- 
riage direftly forward, without any lofs or diminu-r . 
tion ; -whereas if the wheels be of fuch a fize as that 
the height of the axle is either greater or lefs than 
that of the horfe's cheft, the whole force of the horfe 
^ill not be employed in the direft draft j but in the 

former 
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former cafe, fome part of the force will be fpcM in 
preffing the carriage direftly downward, and in the 
latter, in lifting tho fame direftly upward. For 
the proof and illuftration whereof, let the firft of 
the three wheels be of fuch a fize, as that its axle A 
may be of an equal height ivith the horfe's breaft 
at B ; iind let the fecond wheel be fo large as that 
its axle A may (land higher than the horfe*s cheft at 
B; and in the third, let the axle be lower than the 
breaft of the horfe 5 and in each wheel let the line^ 
of direftion of the horfe's draft, to wit, A B be 
taken equal, and let each of thofe lines exprcfs the 
force of the horfe •, it is manifeft, that in the firft 
wheel, the whole force denoted by A B, is employed 
without any Iqfs in drawing the wheel forward, be- 
caufe the line of direftion A B, wherein the force 
4raws, is parallel to E F, the road whereon the 
wheel moves; whereas, in the fecond and third 
wheels the lines A B, wherein the forces draw, be* 
iiig inclined to E F, whereon the wheels move, 
fome part of each force muft be loft*, for if each 
force denoted by A B be refoived into two,^ to wit 
C B and A C, whereof C B is parallel to E F, and 
A C perpendicular thereto ; it is evident, that that 
fwce alone which is denoted by CB, afts in moving 
the wheel forward along E F, whilft the force de- 
noted by A C does in the fecond wheel prefs it di- 
reftly downward againft the road, and in the third 
lifts it direftly upward ; whence it follows, that if 
th^ force of a horfe be juft fufficient to move the 
^rft wheel, jt will not fuffice to ftir the fecond or 
third. It likewife follows, that if the wheel be fo 
Yar inlarged^ as that the angle which the line of di- 
reftion A B makes with the plane E F, approaches 
nearly to a right one, the line C B will bear a very 
fmall proportion to AB, whilft AC becomes near- 
ly equal thfereto ; fo that alnioft the whole of the 
horfe*s force will be fpent in preffing down, and 
thereby increafing the loads whence it appears. 
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that notwithftanding the feveral advantages arifing 
from the largencfs of wheels, yet may they be fo 
far increafed, as even upon account of theh- magnt^ 
tude to render the draft impoffible. By the ufe of 
fmall wheels whofe axles lie below the level of the 
horfe's cheft, provifion has been made againft the 
inconvenience laft mentioned, and the lofs of force 
(which by reafon of the roughnefs and inequalities 
of roads cannot wholly be avoided) has been ren- 
dered as little as poflible, and made to obtain chief- 
ly in level fmooth roads, where there is lead occa- 
sion for the whole force ; whereas upon afcents, and 
in palling over obftaclcs in rough roads, where the 
ftrefs is greateft, there little of the force is loft ; for 
pi. 5. the proof oiF which, let the wheel be of futh a fizc^ 
Rg; s* that its axle A may be below the horfe's bread at B, 
^nd let A B, as before, denote the force of the horfe ; 
if the wheel be drawn along a fmooth level road as 
E F, C B will exprefs that part of the force which 
dr^ws the wheel along the road, and A C that part 
of the force which is employed in lifting up the 
wheel, whicli part is Iqft as to the draft, but how- 
ever, is not intirely ufclefs -, becaufe, by pulling the 
wheel diredly upward, it eafes the load, and there- 
by renders the draft lefs difficult y tho* at the fame 
time the draft is by qo means as eafy as it would be, 
if the force of the horfe was applied at C, fo as to 
draw in the direction AG parallel to EF. If the 
wheel inftead of moving along a fmooth road, be 
to pafs over the obftacle D H, or which is the fame 
thing, if it be to be drawn up the afcent E H L j 
and if the force of the horfe be applied at G, fo as 
that the diretftion of the draft A G may be parallel 
to E F, and confcquer^tly, inclined to E H L ; it is 
manifeft upon refolving the force A G into two 
forces, to wit A K and KG, whereof AK is pa- 
rallel, and K G perpendicular to E H L ; that force 
alone which is exprcfled by A K, adks in drawing the 
>vheel up E H L ; whereas the force exprejflfed by 
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KG a£ts in prcfling the wheel direfUy againft EHL9 
and thereby adds to the weight of the wheel •, fo 
that in this cafe, fome part of the horfe's force is 
loft) and the load at the fame time increafed, both 
which inconveniencies are avoided where the breaft 
of the horfc is fo far elevated above the axle of the 
wheel) as that the line of diredlion A B may be pa- 
rallel to E H L i for then no part of the horfe's 
force will be loft, but the whole will be employed 
in drawing the wheel dire6lly over the obftacle, or 
up the afcent y fo that a lefs force will be requifue 
to draw the wheel over the obftacle D H in the di- 
region A B, than in the direction A G ; and this is 
fully confirmed by experiments. For whereas the Exp 
little carriage with four wheels, each three quarters 
of an inch in diameter, being fo loaded as that the 
weight of the carriage and load amounted to 6685 
grains, was not drawn over the little obftacle one 
tenth of an inch in height, by lefs than 2850 grains 
ading in an horizontal direftion, it will be drawn 
over by 1450 grains, provided the direftion be 
made parallel to the tangents of the wheels in thofe 
points which touch the obftacle ; and 1950 grains 
will be fufficient to draw the carriage with the larger 
wheels over the fame obftacle, if the direftion of 
the draft be made parallel to the forementioned 
tangents, whereas 2050 grains were neceflary when 
the dirc£);ion was parallel to the horizontal plane. 
And if the diredlion be ft ill farther removed from 
the parallelifm of the tangents, which may be done 
by depreffing it tfelow the horizontal plane, the 
force of 2350 grains will be but juft fufficient 
to furmount the obftacle, and draw the carriage 
over. 

Tho* in four wheel carriages, the contrivance of 
fmall wheels before has its advantages, yet is it not 
intirely free from inconveniencies 5 for by this means 
the load muft of neceflicy be thrown forward, and 

a s^'eater 
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a greater ftrefs laid on the foremoft wheels ; whcrc^ 
by the refiftance that arifes from the friftioh of the 
axle againft the wheels will become greater in the 
foremoft than in the hindmoft wheels, in propertion 
to the greater weight which they fuftain. Befides, 
as the Ipaces defcribed by wheels in each revolution 
are nearly equal to the peripheries of the wheels, 
it is manifeft that the foremoft wheels muft revolve 
oftener than the hindmoft, in order to rid the fame 
ground. And this frequency of turning requifite 
in the foremoft wheels joined to the greater ftrels 
upon them from the load, as alfo the greater Ve- 
fiftance which they meet with from obftacles in the 
road, is the true reafon why they are more fre- 
quently out of order, and ftand in need of repair 
much oftener than thofe behind. 



L E C T U RE X. 

Motion of Bodies down Inclined 
Planes. 

MY defign in this Icfture is to explain the 
chief properties of the pendulum ; and 
in order thereto, I (hall lay down the following 
PROPOSITIONS concerning the motion of bodies 
down inclined planes and curve furfaces. 

^!- 5- Prop. I. The force wherewith a body defcends up- 

'^* * on an inclined plane ^ as A C, is to the abfolute force of 
gravity wherewith the fame body falls freely and per-' 
pendicularlyy as the height of the plane to the length 
thereof that is^ as A^ to AC. 

For it has been proved, that the force requifite , 
to fuftain a body upon an inclined plane, is to the 
abfolute weight of the body, as the height of the 
6 plane 
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plane to its length ; but the force wherewith a body " 
endeavours to defcend upon an inclined plane, muft 
be equal to the force which is necefTary to fupport 
it upon that plane ; confcquently, the propoficioa is 
true- 

CoROL. _!• Hence it follows, that the motion 
of a body defcending on an inclined plane, is uni- 
formly accelerated; for fince the force which carries 
a body do^n an inclined plane, has every where, 
and in all parts of the plane, the fame proportion 
to the abfolute weight of the body, and fince the 
abfolute weight remains unvaried, the othej* force 
muft do fo too ; confcquently, as it ads inceffantly 
in equal time§, it makes equal impreflions on the 
defcending body, fo as to generate equal degrees of 
velocity in the motion thereof; that is, in other 
• words, the motion of a body defcending on an in- 
clined plane is uniformly accelerated. 

CoRoL. II. On account of this uniform acccr 
leration of the motiop, the times of defcending, as 
alfo the velocities acquired at the end of the deicent, 
are as the fquare roots of the fpaces defcribed, as in 
the cafe of bodies falling freely ; that is to fay, the 
time wherein a body defcends upon the inclined 
plane from A to D, is to the time of the defcent 
from A to C, as the fquare root of A D, to the 
fquare root of A C ; and the velocity of the body 
'when it has defcended as far as D, is to the velocity 
thereof when it arrives at C in the fame proportion 
of the root of A D to the root of A C. 

Prop. tl. ^he velocity acquired in any given 
time hy a body defcending on an inclined 'plane ^ is to the 
'velocity acquired in the fame time by a body falling 
freely and perpendicularly^ as the height of the plane 
to its lengthy that is^ as A^ to AC. 

For, by. the firft corollary of the for-egoing propo- 
Jition^ the motion of a body down an inclined plane 

is 
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is uniformly accelerated, in the fame manner as the 
motion of a body falling freely ; confequently> at 
the end of any given time, the velocities acquired 
muft be as the accelerating forces; but by the fore- 
going propojitipn^ the accelerating force of a body 
moving down an inclined plane as AC, is to the 
accelerating force of a body falling freely and per- 
pendicularly, as the height of the plane to its 
length ; and therefore the velocities acquired in any 
given time, muft be in the fame proportion. 

Prop* III. 'The /paces defcribed in a given time 
hy two bodies moving from a ft ate of reft ^ whereof one 
defcends on an inclined plane^ and the other falls f reefy <^ 
are in' the fame ratio of the height of the plane to its 
Ungth ; that is^ the fpace defcribed by a body moving 
along AC, is to the fpace defcribed by a body fallings 
down the perpendicular A B, ^i A B /^ AC. 

For where the motions are equable, the fpaces de- 
fcribed in a given time, are as the velocities where- 
with they are defcribed ; if therefore the velocities 
be increafed in a conftant uniform. manner, the fpaces 
defcribed will likewife increafe in the fame manner; 
but by the fecond propqfttiony the velocities are aug- 
mented in fuch a manner as in a given time to bear 
the fame proportion to one another, as the height 
of the plane^does to its length ; confequently, the 
fpaces defqribed in a given time muft be in that 
propbrtion. . 

CoROL. L^ If from B, the line BD be drawn 
perpendicular to A C, A D will be the fpace defcrib- 
ed by a body .moving down the plane A C, in the 
fame time that a body falls freely down the height 
of the plane from A to B. 

For, from the nature of fimilar triangles, AC 
is to A B, as A B to A D ; but by the propofition^ as 
A C is to A B, {q is the fpace defcribed in a given 
time by a body fallipg fi;eely, to the fpace defcribed 

by. 
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by a body defcending upon the inclined plane AC-, 
confequently, fince AB is the fpace defcribed by the 
body falling freely, AD muft be the fpace defcribed 
in the fame time by a body defcending along AC. 

CoROL. II. All the chords of a circle are de- 
fcribed in the fame time by bodies running down 
them. For if a circle be defcribed with the diame- 
ter A B, which is the height of the inclined plane pi. 5, 
AC, the point D, which determines the fpace A D Fig. 7. 
thro* which a body defcends upon the inclined 
plane, whilft another falls freely from A to B, will 
be in the periphery of the circle, becaufe the angle 
A D B in the femicircle is always a right one ; and 
for the feme reafon, if the height of the plane 
continuing the fame, the inclination thereof be va- 
ried, fo as that it may become AG, the point E 
which determines the fpace A E, thro* which a 
body moves along the plane A G, during the 
time of a body's fall from A to B, will likewife be 
.in the periphery of the circle -, confequently, in 
the femicircle ADB all the chords as AD and AE 
will be defcribed in the fame time-, and as in the 
femicircle AFB, whatever chords as BF and BH 
are drawn thro* the point B, other chords as A D 
and A E may be drawn in the other femicircle pa- 
rallel thereto and equal ; it follows, that whether a 
body f^lls freely down the diameter AB, or whether 
it defcends along a chord as H B or F B, it will in 
the fame time arrive at the loweft point of the 
circle i or in other words, all the chords of a circle 
will be defcribed in equal times by bodies running 
along them. 

Prop. IV. 7ie time wbemn a body moves down pi. 5. 
an inclined plane as AC, is to the time wherein a body Fig. 6. 
falls .freely down A B the height of the plane^ as the 
Ungtb of the plane to its height ^ that /V, the times (Are 
as the jpaw defcribed. 

L For 
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For by the fecond CoroL of the firft Prop, the 
time of a body's motion along the inclined plane 
from A to C, is to the time of its motion from A 
to D, as the fquarc root of A C to the fquare root 
of AD •, but by the fecond CoroL of the third 
Prop, the time of a body's motion along the in- 
clined plane from A to D, is equal to the time of 
the fall from A to B; and therefore the time of the 
motion along the plane from A to C, is to the 
time of the perpendicular fall from A to B, as the 
fquare root of AC, to the fquare root of AD, 
that is, becaufe from the fimilarity of triangles 
AC, AB, and AD are in continued proportion, as 
AC to AB, or as the length of the plane to its 
height. 

CoROL. Hence it follows, that if feveral in- 
clined planes have equal altitudes, the times 
wherein thofe planes are dcfcribcd by bodies run- 
ning down them, are to one another as the lengths 
of the planes. 
PI. 5. For the time of the defcent along A C, is to the 
Fig- 7* time fo the fall down A B, as AC to A B, and the 
time of the fall down A B, is to the time of the 
defcent along AG, as AB to AG ; copfequently, 
the time of the defcent from A to C, is to the time 
of the defcent from A to G, as AC to AG, that is, 
the times are as the lengths of the planes, 

PJ- ^ Prop. V. ^be velocity acquired at the end of the 

F^fi* 6- fall by a body falling down the perpendicular height of 

an inclined plane as AB, is equal to the velocity ac* 

quired at the end of the defcent by a body fnoving down 

the inclined plane^ from AtoC. 

For by the firft Prop, the accelerating force of a 
body falling freely from A to B, is to the accele- 
rating force of a body moving along the plane AC, 
as AC to AB 5 and by the fourth Prop, as A B is 

to 
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to AC, fo is the time -of the fall from A to B, 
to the time of the defcent from A to C; fo that 
the forces which accelerate the bodies during their 
motions, are to one another, reciprocally as the 
times that they continue to ad: -, confequently, at 
the end of thofe times, the velocities generated 
muft be equal. For inftance, if AB be one half of 
AC, the force which accelerates the body in its fall 
from A to B, is to the force which accelerates the 
body in its defcent from A to C, as two to one ; 
but the time that a body takes to fall from A to B, 
is bat one half of the time that a body takes to dc- 
fcend from A to C ; fo that the accelerating force 
which ads upon the body during its motion from 
A to C, tho' it be but one half of the accelerating 
force which afts uport the body during its fail from 
A to B, yet does it continue to ad twice as long -^ 
and therefore muft in the end produce the fame ve- 
locity. 

CoROL. Hence it follows, that the velocities ac- 
quired by bodies in falling down inclined planes, 
are equal where the heights of the planes are equal. 

For, the velocity acquired in falling from A to PI* 5*^ 
C, is equal to the velocity acquired in falling from ^*S- 7* 
A to B, as is alfo the velocity acquired in falling 
from A to G •, confequently, the velocities acquired 
in falling from A to C, and from A to G, are 
equal. 

Prop* VL If a body defcends along feveral con-- pi. j. 
tiguous planes as, A B, B C, and C D, the velocity Fig- ^» 
which it acquires in its defcent from A to D, is equal 
to the velocity acquired by the perpendicular fall Jrom 
H to D, on fuppofition that the body is not retarded by 
the fhocks it fuffers in the angles B and C. 

For drawing the horizontal lines HE and DF 

thro' the points A and D, and producing the planes 

CBandDC as faras'G and E; by ihtiCcrol. of the 

L2 ' laft 
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laft Propofition^ the fame velocity is acquired im 
the point B, by a body in defcending from A tQ 
B, as in defcending from.G to B; confequently, 
the fame velocity is acquired in the point C, by a 
body defcending from A thro* B to C, as in de- 
fcending from G to C ; but by the fame Ccrollary^ 
the velocity acquired in defcending from G to C, 
is equal to the velocity acquired in defcending 
from E to C ; wherefore, the velocity in the 
point D acquired by the defcent along the three 
planes AB, BC, and CD, is equal to the velocity 
acquired by the defcent from E to D, which velo- 
city by the^ foregoing Proplffition^ is equal to the ve- 
locity acquired by the perpendicular fall from H 
to D. 
PL 5. CoROL. Hence it follows, that if a body defcends 

Fig* 9« a^ong the arch of a circle as A B or of any other 
curve, the velocity acquired at the end of the de- 
fcent, is equal to the velocity acquired by falling 
down C B, the perpendicular height of the arch. 

For curves may be looked upon as compofed of 
an infinite number of right lines inclined one to 
another. 

fl. 5- Prop. VII. If two planes as KB and B \i joined 
y^g* 10. together at B, have equal degrees of elevation with twQ 
other planes as^¥ and FH joined together at F, and 
if AB ie toEF as BD to F H', the time of a bodfs 
fall down the planes A B D, will be to the time of the 
fall down E F H, ^j thefquare root of AB and B D 
taken together^ to the fquare root of EF and F H 
taken together^ 

Let AB and EF be produced till BC becomes 
* equal to BD, and FG equal to FH. Since AB i? 
toBC, as EF to FG, AB is to AC, as EF to EG; 
and fince thofe four quantities AB, AC, EF and 
EG are proportional, their fquare roots will be fo 
too. Again, fince the planes AC and E G are 

equally 
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equally elevated, they may be looked upon as parts 
t&f one and the fame plane, and therefore, by the 
fccond Corol. of the firft Prop, the time of a body's 
fall from A to C, is to the time of the fall from E 
to G, as^the fquare root of A C to the fquare root 
of E G, or as the fquare root of A B to the fquare 
toot of EF ; but the time of a body's fall from A 
to B is to the time of the fall from E to F, as the 
fquare root of A B to the fquare root of E F 5 fo 
that the time of the fall from A to C, is to the 
time of the fall from E to G, in the fame proportion 
rfthe time of the fall from A to B, to the time of 
the fall from E to F ; cortfequently, the time of the 
fall from B to C, fuppofing the motion to begin- 
from A, muft be to the time of the fall from F to 
G, fuppofing the motion to begin from E, in the 
fame projiortion of the root of A B to the root of 
EF ; if the bodies after their fall from A to B, and 
from E to F, inftead of moving along BC and FG 
continue their motions along B D and F H, fince 
thofc two planes are equally inclined to AB and EF, 
and fince BD is equal to BC, and FH equal to FG, 
whatever proportion the time o»f the body's motion 
along BD bears to the time of its motion along BC, 
the fame will the time of the motion along FH 
bear to the time of the motion along FG ; but it has 
been already proved, that the time of the motion 
along BC, is to the time of the motion along FG, 
as the fquare root of A B to the fquare root of E F; 
wherefore the time of the motion along BD is to 
the time along F H , as the fquare root of A B to 
the fquare root of EF, that is, in the fame proportion 
with the time along AB to the time along EF ; and 
therefore, the fums of thofe times will be in the 
fame proportion •, that is to fay, the time of the 
motion along AB, added to the time of the motion 
along BD, is to the time of the motion along EF, 
added to the time of the motion along FH, as the 
iquarc root of A B to the fquare root of E F ; but 
L3 if 
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it has been proved, that the fquare root of AB is 
to the fquare root of EF, as the fquare root of AB 
and BD taken together, to the fquare root of EF 

• and F H taken together ; and therefore the time of 
a body's fall from A thro' B to D, is to the time 
of the fall from E thro' F to H, as the fquare root 
of ABD to the fquare root of EFH, which was to 

* be proved. And what has been thus proved with 
regard to two planes on each fide, is in like manner 
demonftrable with regard to any number of planes, 
provided thofe on one fide be proportional to thofe 
on the other, and that the correfponding planes have 
equal degrees of elevation. 

P?^* 5- CoKOL. Hence it follows, that if bodies defcend 

^^* ^*' thro' the arches of circles, the times of defcribing 
fimilar arches fimilarjy pofited, are as the fquare 
roots of the arches. For inftance, if bodies move 
down the fimilar arches AB and CD, which are fi- 
niilarly pofited with regard to the horizontal plane 
ED, the time of defcribing AB is to the time of 
defcribing CD, as the fquare root of AB to the 
fquare root of CD. 

For all circles whatever may be confidered as 
fimilar polygons, confiding of an indefinite num- 
ber of fides indefinitely fmall ; and therefore, fimilar 
arches muft confift of an equal number of fides 
proportional the one to the other ; and forafmuch 
as the angles which thofe fides contain are equal, if 
the arches be fimilarly pofited, the correfponding 
fides in each arch muft have equal degrees of eleva- 
tion ; and confequently, the times of defcribing the 
arches will be as their fquare roots. 

In my ledlure upon gravity, I fhewed you, that if 
a body be thrown diredly upward, it will rife to the 
fame height, whencQ, if it fell from aftate of reft, 
it would by the end of the fall acquire the fame ve- 
locity wherewith it is thrown up •, I likewife fliewed 
you, that the time of the rife is equal to that of the 
fall. 1 now fay, 

2 P&op. 
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Prop. VIII. ^^bat the fame things do Ukewife ob- 
tain with regard to bodies thrown up obliquely, whe- 
ther they afcend upon inclined planes or along the arcs of 
curves* 

Becaufe the fame forces which accelerate the mo- 
tions of bodies defcending on fuch planes or curves, 
do in the very fame manner retard the motions of 
fuch bodies as afcend thereon ; and therefore, what- 
ever be the time rcquifite for a body to defcend 
upon an inclined plane or thro' the arc of a curve, 
in order to acquire any velocity, the fame muft the : 
time be, wherein that velocity is deftroyed in a body 
afcending upon the fame plane or curve, arid what- 
ever be the length of the plane or curve, thro' which 
a body defcends in order to acquire any velocity, the 
fame muft the length of the plan^ or curve be, thro* 
which it muft afcend in order to have that velocity 
deftroyed, v 

CoROL. Hence it follows, that if by any con- PL 5. 
trivancc a body be made to defcend thro' the arch ^^8' *^* 
of a circle as from C to A, and with the velocity 
acquired by the dcfcent to afcend along the arch 
AD of the fame circle, the arch AD which it de- 
fcribes in its afcent, will be equal to the arch C A 
defcribed in the defcent -, and the times in which 
thofe arches are defcribed will be equal. 

And this is the cafe of the Pendulum ; which 
is a heavy body as A, hanging by a fmall cord as 
B A, and moveable therewith about the point B, to 
which the cord is fixed. If when the cord is ftretch- E^P' »• 
ed the weight be raifed as high as C, and thence let 
fall, it will by its own gravity defcend thro' the cir- 
cular arch C A; and by the Corol. of the fixth 
Prop, it will have the fame velocity in the point A, 
that a body would acquire in falling perpendicularly 
from E to A ; and by the firft law of nature, 
it will endeavour to go off with that velocity 
in the tangent AFi but being by the force of 
L 4 ' the 
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the cord made to move in the periphery CAD, 
It will rife thro' the arch A D as high as D, where 
loGng all its velocity, it will be turned back by its 
gravity, and defcending thro* the arch DA, will, 
upon its arrival at A, have the fame velocity as be- 
fore, with which it will afcend to C ; and thus it 
will continue its motion forward and backward 
along the curve CAD, which motion is called an 
ofcillatory or vibratifry motion -, and each fwing from 
C to D, as alio from D to C, is called a vibration \ 
and if the pendulum fuffered no retardation in its 
motion from the refiftance of the air, nor from the 
friftion of the cord againft the center about which 
it moves, the arches deforibed in each vibration 
would be exaAly equal, and the motion of the pen- 
dulum would continue for ever ; but whereas the 
motion of the pendulum is continually retarded by 
the forementioned caufes, the arches defcribed in 
each vibration muft grow lefs and Icfs continually, 
and at laft vanifh together with the motion of the 
pendulum. 
PL 5. xhe vibrations of one and the fame pendulum 

^^* '3- vibrating in unequal circular arches are performed 
very nearly in equal times, provided the arches are 
but fmall. Thus, in the pendulum AB, the vibra* 
tion thro* the arch C A D, is performed very nearly 
in the fame time wherein the pendulum vibrates 
thro* the arch E AF, on fuppofition that the arches 
C A and E A are but fmall. 

For, drawing the chords CA and AD, as alfo 
E A and A F, inafmuch as the arches are fuppofed 
to be fmall, they will not differ much cither as to 
length or declivity from their refpeftivc chords ; 
confequently the times of defcribing the archej 
C A and E A, by a heavy body running along 
them, will be nearly equal to the times of defcrib- 
ing the chords •, but by the fecond CoroL of the 
third Prop, the times of defcribing the chords are 
equal J wherefore the times of defcribing the 

arches 
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Arches C A and E A, muft be nearly equal ; and 
(o likewife muft the double of thofe times, or the 
times wherein the pendulum vibrates thro' the un- 
equal arches CAD and E A F. And this is con- 
firmed by experiment. For if two pendulums of Exp. 2. 
an equal length, be fet going at the fame inftant of 
time, fo as to vibrate thro' fmall but unequal arches^ 
ihey will for a long time keep pace together ; and 
continue to begin and end their fwings withoiit any 
fenfible difference as to point of time, during a 
great number of vibrations. 

If a pendulum as B A vibrates thro' the circular ?^- S- 
arches C A D and E A F, the velocity which it ac- ^** '♦' 
quires by that time it arrives at the loweft point A, 
is as the chord of the arch which it defcribes in its 
defcent ; that is, the velocity which it acquires in 
dcfcending from C to A, is to the velocity acquired 
in its defcent from E to A, as the chord C A to the 
cTiordEA. 

For, drawing the horizontal lines EK and CH, 
the velocity acquired in falling from H to A, is to 

the velocity acquired in falling from G to A, in the . ^ /--r 

fubduplicate ratio of HA to G A, as I proved in /^A - ^ y^^ 
my Icfture upon gravity; that is, becaufe, from 1/ fi^- ,/f\ 
the nature of the circle H A, C A, and G A, are in ^^ ^ '"^^ ' ^ 
continued proportion as C A to G A; for the fame /U ti^\4C^ 
rcafon the velocity acquired in falling from G to '^ , J 

A, is to the velocity acquired in falling from K to ji J^ ' "^ 
A, as G A to E A ; confequently, the velocity ac- 
quired in falling from H to A, is to the velocity ac- 
quired in falling from K to A, as C A to E A ; but 
by the CoroL of the fixth Prop.xht velocity acquired 
in falling from H to A, is equal to the velocity ac- 
quired in the defcent from C to A, and the velocity 
acquired in falling from K to A, is equal to the velo- 
city acquired in the defcent from E to A ; where- 
fore^ the velocity acquired in defcending thro* the 
arch C A, is to the velocity acquired in defcending 
thro* the arch EA, as the cliord CA to the chord E A, 

Hence 
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Hence It appears, that if the arch of a cntrle where- 
in a pendulum vibrates, be fo divided in the points 
I, 2, 3, 4, and fo on, beginning from the loweft 
point A, as that the chords drawn from A to the 
feveral points of divifion, may be to one another, 
as thofe numbers, the velocities acquired by a pen- 
dulum in the loweft point A, when let fall fucccf- 
fively from the feveral points of divifion, will be 
as the numbers affixed to the refpeftive points ; and 
it was upon this account, that in the experiment^ 
relating to the collifion of bodies, the balls were 
conftantly let fall from fuch heights, as that the 
chords of the arches which they defcribed in their 
jdefcent, might be to one another in the fame-pro- 
portion with the velocities wherewith the balls were 
fuppofed to meet at the loweft point. 

The times wherein pendulums of unequal lengths 
vibrating in fimilar arches, perform their vibrations, 
are to one another, as the fquare roots of their 
lengths ; for inftance, the time wherein the pendu- 
T\. 5. lum B A vibrates thro* the arch FG, is to the time 
>jg. 15. -wherein the pe^ndulum BC vibrates thro' the arch 
DE fimilar to FG, as the fquare root of BA-to the 
fquare root of BC 

For, by the CoroL of the feventh Prop, fince the 
arches FA and DC are fimilar and fimilarly pofited, 
the time of the defcent thro' FA, is to the time of 
the defcent thro' DC, as the fquare root of FA to 
the fquare root of DC ; but by the Cord, of the 
eighth Prop, the time of the defcent thro' FA, is 
one half of the time of the vibration from F to 
G, and the time of the defcent thro' D C, is one 
half of the time of the vibration from D to E •, 
confequently, the time of the vibration thro' F G, 
is to the time of the vibration thro' D E, as the 
fquare root of FA, to the fquare root of DC> 
that is, becaufe the arches F A and D C are fimi- 
lar, as the fquare root of BA ta the fquare root 
of B C, that is, the times of the vibrations are 

as 
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a$ the fquare roots of the lengths of the pendu- 
lums. And foralmuch as the times wherein pen- 
dulums perform their vibrations are to one an- 
other inverfly as the number of vibrations per- 
formed in a given time ; the numbers of vibrations 
performed by pendulums in a given time, are to 
one another inverfly as the fquare roots of the Ifcngths 
of the pendulums. For inftance, if the length of 
the pendulum B A, be to the length of the pendu- 
lum B C, as one to four, the number of vibrations 
performed in any given time by the (horter pendu- 
lum, is to the number of vibrations performed in 
the fame time by the longer, as the fquare root of 
four to the fquare root of one, that is, as two to 
one; which cafe is experimentally confirmed by 
two pendulums, whereof the longer being 39,125 Ej^p. 3% 
inches, vibrates in one fecond of time-, and the 
Ihorter being 9.781 inches, vibrates in half a fe- 
cond, and performs two vibrations in the fame time 
that the longer performs one. 

Inches. 

, . . , 7m a 2d. 5 39.125 g-^^. 

Length of a pendu- 1 c 39.207 Newton. 

lum vibrating \ i^ ' a 2d \ 9-78 1 Halley. 
J "^ t 9.801 Newton. 

The time of a pendulum's vibration is no way 
altered by varying the weight thereof; for fince the 
gravity of every body is proportional to its quantity 
of matter, as I proved in my lefture upon gravity, 
all bodies in the fame circumftances are moved by 
the force of gravity with the fame velocity ; and there- 
fore if the length of a pendulum continues the 
fame, it will perform its vibrations in the fame 
time, whatever be the magnitude of the appending 
weight ; which may be confirmed by the following 
experiment. Let two unequal weights be hung by fixp. ^ 
two threads fo as to conftitute two pendulums equal 
in length, and let them at the lame inftant of time 

fall 
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Lect. fail from cquiil heights, they will keep pace t(^- 
^ J^^ ther fo ss to perform their vibrations in equal time^. 
^*^ In the foregoing part of this lefture I fhcwed 
you, that tht vibrations of one and the fame pen- 
dulum vibrating thro' unequal but fmall circular 
arches, are performed in times that are very nearly* 
but not precifely equal. Whence it follows, that 
however ufeful fuch a pendulum may be in mea- 
furing time, where great exaftnefs is not requifite, 
yet can it by no means be admitted as an accurate 
meafure of time, unlefs by fome contrivance it be 
made to perform all its vibrations in eq\)al arches, 
which, confidcring the unavoidable imperfedions 
of all machines, is extremely difficult, if not im- 
poffible ; for it has been found by experience, that 
the bed regulated pendulum clocks, wherein the 
greateft care has been taken to make the pendulums 
vibrate in equal arches, have notwithftanding va- 
ried in a courfc of time, fo as to ftand in need of a 
new regulation, which they could not poffibly do 
in cafe the pendulum$, whereon the regularity of 
all the other movements depends, continued con- 
flantly to vibrate in equal arches. 

In order therefore to obtain an exaft unerring 
rheafure of time, it is necefliry to make a pendu- 
lum vibrate in fuch a manner, as that all its fwings, 
whether they be thro' larger or fmaller arches, may 
be performed ih times exaftly equal ; and this may 
be done by making a pendulum vibrate in the 
curve of a cycldid, as I fhall now demonftratc ; 
but I (hall firft Ihew you the manner wherein that 
curve is generated, and what its chief properties 
are, as klfo by what contrivance a pendulum is 
made to vibrate in fuch a curve. 
PI 5- If a circlfe as C fe F, which touches the right line 

Fjg. i6. AB in the point C, be moved along thit line in 
• the mannfer of a wheel from C to D, fo as to 

pei-foi-m an intire revolution ; the point C'will by 
virtue of its double motion defcribe the curve line 

CID, 
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C I D, which qutve line is calkcj a cycloid \ and the 
right line C D is called the Iffife^ ^he line I K, perpen- 
dicular to the bafe at its middle poi;fit is csdied the 
axis of She cycloid^ and the pojnt 1 the ver^ex^ and 
the circle C E F or K H is called the generating 
circle. 

From afiy point in the cycloid as H, let a righ| 
line as H L, be drawn parallel to the bafe CD, anc^ 
continued till it meets the generating circle K L I, 
defcribed about the axis I K ^ and let the line H M 
^ouch the cycloid in the point H ; this being done^ 
the chief properties of the cycloid are thefe three. 

Firft, The arch I P L of the generating circle^ 
intercepted between the vertex of the cycloid and 
the point L, wherein the right line H L meets the 
generating circle, is equal in length to the right 
hne H L. 

Secondly, The chord IL of the circular arch 
I PL, is parallel to the right line MH, which 
touches the cycloid in the point H. 

Thirdly, The cycloidal arch I H intercepted be- 
tween the vertex an4 the point H, is double the 
chord I L. 

The demonftrations of thefe properties may be 
feen in Huygens, Wallis, Cotes, and others 
who have wrote of the cycloid. 

The contrivance whereby a pendulum is made 
to vibrate in the curve of a cycloid, is thus. A cy- 
cloid as A V B, being" defcribed on the bafe A B, ^1- 5- 
let the axis VD be produced towards C, till DC ^'^* ^V 
becomes equal to V D -, thro' the points G and A, 
and C and B, let two femi-cycloids C A and C B be 
drawn, each equal to half of A V B, their vertices 
being at A and B ; if then we fuppofe C A and C R 
to be two plates of fome breadth, and. an heavy 
body to hang from the point C by a firing equal in 
length to C V, and to vibrate between the plates 
C 4 and C B, the upper part of the ftring will con- 

3 Xtantly 
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Handy apply itfcif to that plate towards which the 
body moves, and by fo doing caufc it to move in 
the cycloid A V B as has been proved by Huygens 
the author of this contrivance; and likewifc by 
Cotes in his treatife de mctu pendulorum^ where he 
has delivered the whole doftrine of pendulums in 
four Theorems, which I fhall here lay down and 
explain. 

TL 5. Theorem L If a pendulum vibrating in a cy- 

Fjg- 17- cloid tf J B V A, begins its motions downward towards 
V, from any point taken at pleafure as L, and if tip- 
on a radius as V L, equal in length to the cycloidal 
afcb V L, ^j circle be defcribed ; the velocities of the 
pendulum in the fever al points of the cycloidal arcby 
will be as the right fines in the circle which are raifed 
from the corresponding points in the radius ; for in- 
fiance 9 if in the radius L M ^^ taken equal to hM in 
the cycloid^ and from the point M in the radius corre- 
fponding to the point M in the cycloid^ be raifed the right 
fine M X, the velocity of the pendulum in the point M, 
after it has defcended from L, will be as the fine M'X. 

For the proof of which^ from the points L and 
M in the cycloid, let the right lines LOR and 
M QJS be drawn perpendicular to the axis, cutting 
the generating circle in O and Q, from whence to 
the vertex, let the right lines OV and QY be 
drawn. By the Corol. of the fixth Prop, the velo- 
city which the pendulum acquires in dcfcending 
along the cycloid from L to M, is equal to the ve- 
locity acquired by a body in falling perpendicularly 
from R to S ; but the velocity which a body ac- 
quires in falling perpendicularly, is in the fubdu- 
plicate ratio of the fpace defcribed, as I proved in 
my lefture upon gravity ; confequently, the velo- 
city acquired by the pendulum in its defcent from 
L to M, may be expreflcd by the (quare root of 

RS; 
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R S ; but R S, being equal to the difference be- 
tween R V and S V, the velocity in the point M 
may be expreffed by the'fquare root of the diflfc- 
rence between R V and S V; or, becaufe,RV multi- 
plied into the axis D V, is to S V multiplied into the 
fame D V, as R V to S V, the velocity may be expreff- 
ed by the fquare root of the difference between the 
produft of R V xD V and S Vx D V ; but from the 
nature of the circle, the produft of R VxD V is 
equal to the fquare of V O ; and the produft of 
SVxD V is equal to the fquare of VQ^ wherefore, 
the velocity at M may be expreffed by the fquare 
root of the differenqe between the fquare of V O and 
the fquare of V Qj but, by the third property of 
the cycloid, V O is equal to one half of the cycloidal 
arch V L, and V Q^ to one half of the arch V M ; 
wherefore, as VO fquare, is to VQ^ fquare, fo is 

V L fquare, to V M fquare ; confequently, the ve- 
locity of the pendulum at M may be expreffed by 
the fquare root of the difference between the fquare 
of VL and the fquare of VM; but the cycloidal 
arches VL and VM are by fuppofition equal to 

V L and V M in the radius of the circle ; and, from 
the nature of a right-angled triangle, the difference 
between the fquare of V X, which is equal to V L, 
and the fquare of V M, is equal to the fquare of 
MX; wherefore, the velocity of the pendulum at 
the point M, is as tlie fquare root of M X fquare, 
that is, as M X, as was afferted in the ^Theorem. 
And what has been thus proved with regard to the 
velocity at the point M, is in like manner demon- 
fl:rable with regard to the velocity at any other 
point as N ; namely, that it is as the right fine 
NY raifed from the point N in the radius corre-^ 
fpoftding to the point N in the cycloid •, fo that the 
velocities of a pendulum defcending in a cycloid, 
arc in the fcveral points of the cycloidal arch, as the 
right fines in a circle which are raifed from the cor- 
refponding points of the radius^ the radius being 

equal 
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equal in length to the cycloidal arch intercepted 
tween the vertex and that point from which 
pendulum begins its motion. Thus, V M and V^ . 
in the radius of the circle, being taken equal 
V M and VN in the cycloid, fo as that the poii 
M, N, V, in the radius^ may correfpond to 
points M, N, V, in the cycloid, the velocities 
the pendulum in thofe pomts are to one another, 
the fines MX, NY, and VZ, the radius V Z 
prelEng the grcatcft velocity at the vertex V. 

PI. 5. Theorem II. If a body be fupp.ofed to move 

Pig. 17* formly in the curve of the circle^ with a velocity eq^ 

to the velocity acquired by the pendulum in its defcetu 
from L to V, which velocity is^ as was juft nota 
fhewn^ expreffed by the radius V Z ; atrf arch of iht 
circle asXY taken at pleafure^ will be defcribed by ibe 
body moving along it in the forementioned manner^ in 
the fame time that the pendulum^ which begins its mo^ 
tionfrom the point L in the cydoid^ defer ibes the cy- 
cloidal arch M N, correfponding to and equal in length 
to M N, that part of the radius, which lies between 
the fines M X and N Y, which terminate at the extre- 
mities of the circular arch X Y. 

Let the fine F G H, be drawn indefinitely near 
to the fine M X, and let X G be drawn parallel to 
MF : and let MF in the. cycloid be equal to MF in 
the radius of the circle. By the foregoing Theorem^ 
the velocity of the pendulum in the point M, is as 
M X 5 and therefore, fince F is fuppofed to be in- 
definitely near to M, the little cycloidal arch MF, 
equal to M F in the radius^ is to be looked upon as 
defcribed by the pendulum with a velocity which is 
as M X ; and the little circular arch X H, is by 
fuppofition defcribed with a velocity which is as 
V Z, equal to V X ; and the triangles M X V and 
G X H being fimilar, inafmuch as the angles at M 
and G are right ones, aod the angle M X V equal to 

GXH, 
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If, bociiife OXV 18 the complement of each 
th^m io a right one 5 XH is to XG equal to 
% as yX or VZ to MX ; t^igjt is, XH and MF 
IP oqe a^iocber, as the velocities wherewith they 
5ieCcribed ; confeqjuently^ they muft be defcribed 
^ B fhe feme time. And M^^h^ hists been thw demon- 
loda i^atcd of MF ^nsd XH, is in lifce manner demon- 
lodr Rablc of the feyersd Contefpondiog parts in the cy- 
V2 pt^ areii MN, aiid circular arch XY 5 confe- 
wencly, the whole cydoid^l arch MN, wiH be de- 
^ibqd b^y the pendulum in the fame time, that the 
lar arch XY is defcril^d by a body moving 
og it unifornajy with the velocity expreflfed by 
2 ; 9M by the ^roe way of reafoning, the time 
^ dc&ribing ^ny ^other cycloidal arch as LV, is 
Mial to the tinae of deiRtiribing the correfponding 
iFCulai' arch hZ. 

CoROL. As a Cor(^llary it follows, thatjt-he time 
/i'whestein a penduUim defcribes any arch pf a cy- 
/^' cloid as MN, may be expreflcd by the correfpond- 
k iag circular arch XY . 

r^ For, as the n>otion along the curve of the circle 

^' is fuppofed CO be uniform, the time of defcribing 

any.aroh a$ XY, muft be as the length of the arch ; 

but by the theorem tlie times of defcribing the cir- 

t^^ cular arch XY, and the cycloidal arch MN, are 

equal \ confoquently, the time in which the pendu- 

l lorn ddcribes the cycloidal arch MN, is as the 

^ circular arch XY. 

Theorem III. yfe time of one entire vibration 

fi ^ 4 pendulum moving in a cycloid^ is to the time 

wherein a body fails perpendicularly thro* afpace equal 

j in length to the axis of the cycloid^ as the periphery of 

j a circle to itiS diameter. 

All things b^ing fuppofed as before, the time of pi 5. 
defcribing the femicircular periphery LZP with the Fig» i7* 
M velocity 
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velocity expreflcd by VZ, is to the time of defcrib- 
ing the femidi'ameter LV with the fame velocity, 
as the femicircular periphery to the femidiametcr, 
or as the whole periphery to the diameter ; but the 
time of defcribing the femicircular periphery LZP 
with the velocity VZ, is equal to the time of an in- 
tire vibration ; for, by the eighth Pr^. the time 
wherein the pendulum defcribes the cycloidal arch 
LV, is one half of the time wherein it performs an 
ititii^ vibration ; and by the fecond Tbeoremj the 
time wherein a pendulum defcribes the cycloidal 
arch LV, is equal to the time wherein the quadran- 
tal arch of the circle, to wit LZ, is defcribed with 
the velocity expreflcd by VZ -, confequently, the 
time of an intire vibration, is equal to the time of 
defcribing the femicircular periphery LZP; and 
the time of defcribing the fcmidiameter LV with 
the velocity VZ, is equal to the time of a body's 
fall down the height of the axis DV; for, by the fe- 
cond CoroL of the third Prop, the fall down the 
axis DV, is performed in the fame time with the de- 
fcent along the chord OV; and by the eighth Prop* 
the velocity acquired at the end of thedefcent along 
the chord OV, will in the fame time with that of 
the defcent defcribe a fpace equal to twice OV; but 
by the third -property of the cycloid, twice VO is 
equal to the cycloidal arch LV, which^ by fuppofi- 
tion is equal to the femidiameter VL ; and confe- 
quently, the velocity acquired at the end of the de- 
fcent along the chord OV, is fuch, as will in a time 
equal to that of the fall down the axis DV, defcribe 
the femidiameter LV ; but, by the CoroL of the 
fixth Prop, the velocity acquired at the end of the 
defcent along the chord OV, is equal to the velocity 
acquired by the pendulum in its defcent along the 
cycloidal arch from L to V, which by the firft 
Tbeoremy is as VZ ; wherefore, the time of defcrib- 
ing the femidiameter LV with the velocity VZ, is 

equal 
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equal td the time of tht fall down the axis D V ; Lect. 
but it has been already proved, that the time of ^ J^ i^ 
defcribing the feiliicircular arch LZP with the veto- ' ^ 
city VZ, is to the time of defcribing the fcmidia- 
meter LV with the fame velocity as the periphery 
of the circle to its dianpeter ; and it has been like- 
wife proved, that the time of defcribing the femi- 

• circular arch with the velocity VZ, is equal to the 
time of an intire vibration of the pendulum ; con- 
fequently, the time of fuch a vibration, is tb the 
time of the fall down the axis, as the periphery o£ 
the circle to its diameter. 

CoROL. From what has been proved it follows, 

' that the time of a vibration of a pendulum moving 

in a given cycloid is given ; or in other words, that 

. all the vibrations of fuch a pendulum, whether they 

be in larger or fmaller arched, are performed in 

times cxaftly equal. 

For, as it has been proved, that the time of the 

• vibration which begins from the point L, is to the 
time of the fall down the axis, as the periphery of 
the circle defcribed on a radius equal to the cycloi- 
dal arch VL, ta its diameter ; it may in like manner 
be demonftrated, that if the vibration begins from 
any other point as M,the time thet*eof will bear the 
fame proportion to the time of the fall down the 
axis, that the periphery of a circle defcribed on a 
radius equal in length to the cycloidal arch VM, 
does to its diametet- j but the ratio of the periphery 
to the diameter in any one circle, is the fame with 
that in any other ; wherefore, the times of the vi- 
brations thro* unequal arches, have all the fame 

' ratio to the thne of the fall down the axis, and of 
confequence muft be equal. 

From this equality in the times of the fwings it 

is, that this kind of pendulum is preferable to fuch 

•as vibrate in circular arches, as being a more exaft 

•and juft meafure of time •, a minute of mean or 

equal time being precifely meafurcd by flkty fwings 

M 2 0f 
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htcT. of a pendulgfn of this kind, whofe length is «qual 
X. ^ to three horary fcei, which anfwers to 39 inches and 
one eighth of our meafure, according to Dodbor 
Halli Y ; or to 39 inches and one ^tht according 
to Sir Isaac Newton ; and now that I haive mee- 
tioned mean or equal, otherwife qalWd true $ime^ it 
will not he improper in this piaco, to ihew you 
wherein it differs irom that time^ which by aftrodO- 
mers is calted unsqual and appai^ent time. 

As tinie in itfelf does not fall ^ind^r the iiotk^ 
of our fenfes; and as the parts thensof ^ on in ^ 
continued fucceffion one after another, no two €?x- 
ifting together, it \& impoflible todiicover theequa- 
lity or i<aequality of any two portions of time, by 
an imtnediate coniparifon of -one wkh •ihc ether ; 
and therefore, it was necdTary for th^Te who fiiA 
thought of diftinguifhing the parts of limcb tahave 
recourfe to fomething fenfible^ and of a difiereot 
nature from time, as a mealure thereof. And as 
nothing feems better fitted to fervc this purpoie, 
than fuch natural appeai^ances as f^U 'Undin* evei^y 
man's notice, and at the fame time have frequent 
returns, it is highly probofaie, that in the fitft 4tges 
of the world, men^ obfervir>g the frequent rifings 
and fctting5 of the fon, took the one or the oth^r 
for their. firft meafure of time, calling that portion 
of time which pafled between two rifings or fettiogs, 
which immediately fuccecded each other, by the 
hame of a day \ in like manner it irrational to fup- 
pofc, that upop obferving the frequent returns of 
the full and new moons, they made the one or the 
other their fewnd meafure of time, calling that 
fpace which pafled between two fuccefi/vc new or 
full moons by the name of a moon or mon^. And 
it is likely, that for fome time they contented them- 
ielves with thefe meafures, without knowing or 
confidering whether they were exadl or not: but 
in procefs of time, as men became better acquainted 
with thecfiotions of the heavenly bodies, the;y d^f- 

covered 



Digitized by V3OOQIC 



Of ^me pendulum, 171 

eovwed fome irregulaFides^ in the apparent mod^a Lsct« 
of the fuh, and^ of coftfequenoe, an incqvjality in the ^_^ 
aatur^ day^ which depend on that motion; inaf- 
much as the portion of riwe^ which paflfes between' 
the fuft^s departure from the plane of any meridian 
and its next return thereunto^ is not always the 
£une. By confldering the^ cauif^s of this inequality^ 
they were ledf into n mdtfaiod of making fuch cor-* 
re^ons in the Ukat^jr^ day«, by addii^g to ibme, 
and taking from others^ as reduced tfc^m all to w 
mean equal length; each day beiog made to confift^ 
of 2 4 equal Wfi, each of which is divided inta 
fixtf equal parts caHed minuies^ and each of thefe 
into fixty others £2L\\t6 ficonds^ and thefe again inta 
thirds J and fo on in a fexagejimal progreffion^ the 
parta of each denomination being conftantly equal 
among themfelvest And thefe parts of time thu» 
reduced to an equality conftitute the mean cjr equals 
dme, as it ftands diftinguiflied by afbronomers^ 
from the unequal Or apparent time, which is mea- 
forcd by the apparent motion (^( the fon< 

In order to have a conftant meafure of equal 
time, HtrycBMs contrived a method of adapting 
pendulums to clocks, whereby their motions are iq 
exa^ly regulated, as that in a ckK^k wbofe move^ 
meats are rightly adjufted, the feconds, minutes, 
and hours, are for fome tin^ pointed out with tt\e 
greateft exadlnefs ; 1 fay^ for fome time only, be- 
eaufe it is not poffible that any clock whatever 
feonld continue cxaftly true for a long courfe of 
time ; for as the pendulums of clocks accor<ling to 
HuvojEKTs's firft contrivance, and by the general 
pra^tke of clock-^nrnkers at this day are made to 
vibrate in circular arches, where the tknes of the 
vibrations are not p*ecifely equal, unicfe the arches 
thro* which the pendulum moves be fo too. if the. 
wheels on account of the thickening of the oil by 
ffo^Y weather, or from any other C4ufc grow more 
M3 fluggifli, 
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Lect/ fluggifli, fo as to give the weight, which iir clocks 
^•^ ^ is the moving power, greater refiftance than ac- 
cording to the iirft adjuftment, the force of the 
crown-wheel, upon the plates of the pendulum will 
likewife be diminifhed, land of confequence, the 
f)endulum being thrown lefs forcibly will move 
thro' fmaller arches than before, and by fo doing, 
will meafure out fmaller portions of time, the time 
pf fixty fwings not amounting to a minute, upoa 
which account the clock mqfl: gain, and go toof^A^ 
On the other hand, whenever the parts of the move- 
ment which rub one againft another do, by fcafon 
of the thinning of the oil by the heat of the wea- 
ther, grow more flippery, or from their conft^t; 
friftion become more fmooth, fo as to give lefs re- 
fiftance to the moving power than according to the 
firft adjuftment, the crown-wheel afts more forcibly 
On the pendulum, and caufes it to vibrate in larger- 
arches, by which means the time of each, fwing 
is inlarged, and of courfe the clock lofes and 
goes too flow. To remedy thefe inconvenience^ 
HuYGENS thought of a fecond n>cthpd of ad- 
apting pendulums to clocks, fo as to make them 
perform their vibrations in cycloidal arches ; by 
which means, tho* the force of the crown-whe^l 
upon the pendulum (hould vary, fo as to cayfe it 
to vibrate fomctimes in larger and fometimes in 
fmaller arches, yet will not any variation arife from 
thence in the times of the vibrations -, as is evident 
from the Corollary of the third Theorem i fo that in 
clocks whofe motions are governed by pendulums 
vibraiing in cycloidal arches, the irregularities 
arifing from the variation of the force of the 
crown-wheel upon the pendulum are wholly avoid- 
ed ; and yet a clock of this kind will not always 
go true ; for as the pendulum cannot vibrate in the 
curve of a cycloid, unlefs the uppermoft part of 
the ftring does as often as it mov^s from the per- 

pendicul^ 
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pcnciicular towards either fide, form itfelf into a 
cycloidal arch ; and as this cannot be done unlefs 
that part of the firing be made of filk, or fome 
other foft and pliable fubftance, which as fuch is 
apt to imbibe the moifture of the air ; whenever 
the weather becomes remarkably moift, the watery: 
particles which float in the air, will infinuate them^- 
felves into the pores of the ftring, and by fo doing 
caufe it to contraft and (horten •, upon which ac- 
count, the vibrations of the pendulum will be 
quickened, as will appear from the next ^heorem^ 
,aind the clock will gain. So that neither a clock 
of this, nor of any other kipd, can go cxaftly true: 
for any long courfe of time, which is a thing well 
known CO clock-makers, who have frequently exf^ 
pcrienced the beft regulated clocks to vary, in the 
compafs of a few months, fome feconds from the 
equation table, fo as to (land in need of a new re 
gulation. 

Theorem IV. ^he times wherein pendulums of P|. s^ 
different lengths as CV and AB ferform their vibra- ^|S- 
tions^ are to om another in the fame proportion with 
the fquare roots of the lengths of the pendulums. 



r8. 



For, by the third Theorem^ the time wherein the PI. ^. 
pendulum CV performs its vibrations, is to the ^^S- >7* 
time wherein a body falls down the axis DV, as the; 
circumference of a circle to its diameter •, and by 
the fame Theorem^ as the circumference of a circle 
is to the diameter, fo is the time wherein the pen- 
dulum AB performs its vibrations, to the time Pl. 5. 
wherein a body falls down the axis EBj confequent- FJg- i^- 
ly, the tinie wherein the pendulum CV performa 
iis vibrations, is to the time wherein the pendulum 
AB performs its vibrations, as ^the time of the fall 
dowa DV, is to the time of the fall down EB ; 
but, as I proved in my le<5lure upon gravity, the 
time of the fall down DV, is to the time of the 
M4 fall 
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LficT. fall down EB^ as the fquare root ai DV^ td die 
X. fquare root of EB ; or, becaufe DV is onfc half orf 
^ ^ ^ C V, and EB one half of AB, as the fquare ropt of 
CV, to the fquare root of AB5 therefore, %\m 
time wherein the pendulum CV performs its vi- 
brations, is to the time wherein the pcindutiKn A& 
performs its vibrations, as the fquare root of CV, 
to the fquare root of AB, diat is^ the times are a» 
the fquare roots of the lengths of the pendulums ^ 
fo that if one penduhiin be four times as long as 
another, the fhortftr will vibrate in half the time, ^ 
as to perform two vibrations in the &me timtf thac 
the longer performs ohe. 

In this Theorem^ as alfo in ev^ry thing clfe that 
has been hitherto faid concerning the pendulum^ 
the force of gravity is fuppofcd to be giving whence 
it follows, that if pendulums of di£&reilt bngtfaFS, 
p!' ^' as CV and AB, perform their vibrations in equal 
i8? '^' times, the force of gravity in fuch pendulums mud 
/ vary, and that in proportion to the lengths of the 

pendulums, that is to fay, the force oS grat ity in 
the pendulum CV, muft be to the force oF gravity^ 
in the pendulum AB, as CV t6 AB. F4>r^ as the 
times of the vibrations are foppoftd to be equal, the 
times of the perpendicular falls doWn the axes D V, 
and EB mufl likewife be equal, inafmucb as they 
have been proved to be proportional to the times 
of the vibrations ; fince tbercifore, forces which a£t 
conilantly and uniformly are to one another as the 
velocities which they generate in any given timet 
the force of gravity which carries a body dewil DV» 
'■ muft be to the force of gravity which iti the fame 
time carries a body down EB, as the velocity ac^- 
quired at the end of the fall down DV, to the v^lo 
city acquired at the end of the fail down EB j but I 
proved in my lefture upon gravity, that the velooity 
acquired in failing down DV, is foch as wUl in a 
fpace of time equal to that of the fall cariy a body 
thro* a fp«ce equal to twice DV, that is, thro* a fpace 

equal 
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eqaal to the leOgfti of th#^ndirfum CV; aftd there- 

fore, the turn b&rtg givan, the vddcity may be 

exprefled by the tesgth 6f the p<?wA3him % arrd for 

the IkttKr reafort^ €h^ fi^ifedhy iteq^rfed m hlYtng 

ddwn E B, may b^ ^*pfi^fie^ by th^ Icngrh of the-^ 

pemjuivim AB ; (?oivfeqii#nt)yi the fdrte of gravity 

whfch mows thd t>#iS(k*l«rH CV, is to the forc^ of 

gfavky, tlhkh aft^ wpdfl th^ pendulum AB, as the 

length of the {atf^er to thd kr^th of the latter. 

Since tberefeise, if has be^ found by experienee, that 

jL pendulum whieh vlbrat^si m d ftcoftd of t?mc under 

the line muft be teugtheAed as it is removed from 

the line, Md that mord and moi*e as its dtftanee 

ther^mm iMreafe^ ^ i§ is m^l^ifeft, that the force of 

gravity \$ kfi in the sBqilatdrtel p^rts of the earth, 

thaft in any othtr, kn6 that k mcreafes continually 

as the diftanee ftpm thd line iji^i«cafes, fo as to be 

grcateft under the poles ; in what proportion this 

incteafe o( gravity is made, Md from what caufe it 

proceeds, I (hewfed in my lefture upon gravity. 

As the fevef^l p4fti of the cycloidal ar^ of LV, p|, j. 
have difitfeftt incHflattonff to the plane ofthe hpri- Fig. 17 
ion, iris evident, ffora what has been faidTconcern- 
ing the motion of bodies upon inclined planes, tha^ 
the forte whith at^elcrates the motion of a perjdu- 
lum in its (Aefeent from L to V, muft continually 
vary ; it beilig gteiteft In the point L, and thence 
coatinurily JeffeOiBg aS the cycloidal arch Ihortens, 
till at length ia the point V it intirely vanifhes : 
and what fe jklrticUUrly rett^arkable in this cafe is, 
that the ac€elefating forces in the fevtral points 
ofthe cycloid, are to one another in the fame 
proportion with the cycloldil arches intercepted 
between the verte>t and the refpetaive points ; for 
ioftittce, the foree which accelerates the pendulum 
in the paint L, is to the force which accelerate? 
ttoe feme in ihe point M, ^s the arch LV, to the 
irchMV, 
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For as the points L and M have the fame di- 
regions with their tangents, the accelerating forces 
in thofe'points muft be the fame with the forces 
which accelerate the motions of bodies defcending 
along the tangents ; or becaufc the chords OV and 
Oy in the generating circle are, by the fecond pro- 
pierty of the cycloid, parallel to the tangents at L 
and M, as the forces which accelerate bodies in 
their defccnt upon the chords OV and QV ; but 
forafmuch a^ thofe accelerating forces aft conftantly 
and uniformly, they muft be to one another, as the 
velocities which they generate in a given time; and 
therefore, fince it has been proved, that the chords 
OV and QV are defcribcd in the fame tithe, the 
accelerating forces are as the velocities acquired at 
the end of the defcent along thofe chords ; but it 
has likewife been proved, that thofe velocities are 
as the lengths of the chords ; confequently, the 
force which accelerates a body defcending along the 
chord dV, is to the force which accelerates a body 
defcending along the chord Qy,,asOV to QV j 
but forafmuch as by the third property of the cy* 
cloid, OV is one half of LV, and QV one half of 
MV, as OV is to QV, fo is LV to MVj and 
therefore, the accelerating force along OV, is to the 
accelerating force along Q)h as the cycloidal arch 
LV to che arch MV ; but it has been proved^ that 
the accelerating force along QV, is the fame with 
the accelerating force in the point L, and that the 
accelerating force along QV, is the fame with the 
accelerating force in the point M; confequently, 
the force at L, is to the force at M, as LV to Ml V ; 
as what has been thus demonftrated of the forces 
at the points L and M, is in like manner demon- 
ftrable of the forces at any other points, fo that in 
a pendulum defcending in the arch of a cycloid, the 
accelerating force is in every point as the length of 
the cycloidal arch intercepted between the point and 

the 
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Of the motion of PROJECTS. 177 

the vertex -, or in other words^ the force is every 
where proportional to the fpace to b^ defcribed. 

This then being the law of the accelerati*3g force» 
and it having been proved, that the pendulum, 
whether it begins its mption from L or M,.or any 
other point in the cycloid, will arrive in the fame 
time at the loweft point V; it follows, that if fe^ 
veral bodies, placed at diffel-ent diftances from any 
point or center, begin to move towards it at the 
fomc inftant of time, with forces that are every 
where proportional tp the diftances from the center, 
they will all arrive at the center at the fame inftant 
of time ; which I thought fit to mention in this 
place, in order to avoid the trouble of demonftrat- 
ing the fame, when I cpme to treat of the motion$ 
pf mufical ftrings, towards the explaining of which 
this property will be of ufc. 



LECTURE 'XL 
Of the Motion of Projects* 



K^r>rsJ 



AS the Doctrine of Projects, whereof I in- Lect, 
tend to treat in this lefture, cannot be rightly ^ XI 
apprehended without fome knowledge of the Para- 
kola 9 I fhall by way of introduction (hew the man-- 
ner wherein that curve is generated, and point out 
fuch of its properties as I (hall have occafion to 
make ufe of in explaining the motion of projects, 
referring you for their demonftrations to thofe au- 
thors who have wrote of the conick fe£fions. 

If a cone as ABC, be touched by a plane in the PI. 6. 
right line A B, and be cut by another plane parallel ^*2* '• 
to the former, the curve which arifes from the inter- 
fcdion of the plane with the furface of the cone is 
called a Parabola •, being fuch as is reprefented in 
Fig. 2, in which the highcft point P is called the Ph 6. 

principal S- " 
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principal vertex \ the right line CAP paifing thro* 
the point P, and perpendicular to the tangent at that 
point, is cabled the axis ; a right line as DA, drawn 
from any point in the curve perpendicular to the 
axis, is called an or£nate to the axis ; PA the part 
of the axis intercepted between the vertex and the 
ordinate is called the abfeijfe to that ordinate \ a 
right line, being a third proportional to the abfci^ 
and its refpcftive ordinate is called the principalpa- 
rameter^ or tht tarameter to the axis ; a right line as 
DEH, drawn from any point in the curve parallel 
to the axis, is called a diameter ; a right line as PE» 
intercepted between any point in the curve and the 
diameter, and parallel to BD which touches the 
curve in the point D, is called an ordinate to that tU- 
ameter\ DEthep)art of the diameter lying between 
the vertex D and the point E, is called the ahfciffe 
to the ordinate PE •, and a right line, being a third 
proportional to the abfciffe DE and the refpedive 
ordinate EP, is called the paramtter ta the diameter 
DH, or to the vertex D. 

The fquare of any ordintte divided by the re- 
fpeftive abfciffe, is equal to the refpeftive parame- 
ter ; thus the fquare of DA divided by PA, or the 
fquare of OQ^divided by PQ^, is equal to the prin- 
cipal parameter j and the fquare of EP divided by 
DE, as alfo the fquare of LM divided by DL, is 
equal to the parameter belonging to the vertex D. 
The fquares of the ordinates to the axis, or to one 
and the fame diameter, are to one another in the 
fame proportion with their refpcdive abfciffa's. 
Thus, the fqiiare of DA, is to the fquare of OQ^ 
ps PA to PQj and the fquare of PE is to the fquare 
pf ML, as DE to DL. 

In one and the fame parabola^ the principal pa- 
rameter is the kaft of all the parameters •, knd the 
other parameters increafe, as the diftance of their 
vertices from the principal vertex increafes, tho* not 
in the fame proportion. 

If 



Digitized by VjOOQIC 




S' 



Of tub motion of PROJECTS. 

If Sf^m any point in a paraMa as D, an ordi- 
imxe -be drawn co the aieis, and >f from the fame 
f>ont a tangent be drawn upward, it will >meet the 
-Qxis when produced^ and A B, the part of the ai^is 
4iHerc€^ted between the ordinate DA, and the un- 
gene D B, will be bifedkd by P the principal ver- 

-S6K« 

Thefe things being prennifed ; if a body be 
'thrown in(o any dire^ion whatever that is not ^r- 
:pendicular to the tplane of the .hori2on, it will in 
fits motion 4eicribe a parabek. 

For the pro<tf of which, let A £ be the direftion PL 6. 
of ihe projeftion, which in the gd Fig. is parallel l^>g*3»4» 
^9 the horiaoQ, and in the 4trh and 5th inclined there- 
<tOi; and let AE be the fpace which the projei^ 
*weuid defcribe in any given time by means of the 
'fyitct in^piefled, fuppofing it had no motion down- 
ward from theforceofgravityjlikewifelet AB be 
the fpace thro' which it would defcend in the given 
ftioie by virtue of its own gravity, fuppofing it had 
no 9ther motion ; then compleating the parallelo- 
gram A 6 C£, it is roanifeft from what was former- 
ly faid concerning thecompofition of motion, that 
^t the end of the given time, the projeft muft by 
^irtvie of its double motion, be found in the point 
C ; but, forafmuch as the motion impreffcd in the 
^ircfition A E i« uniform, the fpace dcfcribcd, that 
is AE, muft bc.asthe time in which it is dcfcribed; 
confcqueptly, A E fquare, or B C fquare, is as the 
fqx^Tc of the time ; but A B or EC, which is the 
ipacc deferibed in theifeme time by the force of 
gravity, is likewife as the fqtiare of the time, as I 
proved in my Icdurc upon gravity -, confequenrijc 
A B is as the fquare of BC; and therefore, from the 
•nature of the paraboldy the point C thro* which the 
^rc^e(% moves, muft be in the cqrve of a pfiraioUf 
whofe diameter is A.B, the verteic A, the point 
from whence the projcd bcigins its niotion, and the 

parameter 
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parameter belonging to that vertex, B C fquare di* 
vided by A B, or A E fquare divided by EC ; and 
what has been thus demonftrated of the point C, is 
in like manner demonftrable of all the other points 
thro' which the projeft moves ; confequently, the 
line which it defcribcs is a parabola. 

The velocity of a projeft in any point of the fd- 
'rabola as A, is fuch as a body acquires in falling 
down the fourth part of the parameter belonging to 
that point. For the velocity of the projeft in the 
point A is fuch, as would carry it from A to E in 
the fame time that a body defcends from E to C i 
and the velocity acquired in the defcent from E to C 
is fuch, as in the fame fpace of time with that of 
the fall, would carry a body through a fpace equal to 
double E C -, confequently, that vdocity is to the 
velocity of tlie projeft in the point A, as twice EC 
to A E, or as E C to4 A E ; but as E C is to4^ A E, 
fo is the velocity acquired in falling from E to C, 
to the velocity acquired in falling down the fourth 
IDart of the parameter belonging to the vtntx. A; 
for, by the nature of the parabohy the parameter 

belonging to the vertex A, is equal to -g^; 

wherefore the velocity acquired in falling from E 
to C, is to the velocity acquired in falling' down 
the fourth part of the parameter, as the fquare root 

of EC to the fquare root of ^ ^C ^ which fquare 

roots are to one another, as E C to 4- A E, as may 
appear by multiplying each into the fquare root of 
EC; fo that the velocity acquired in falling thro* 
a fourth part of the parameter belonging to the 
Vertex A, and the velocity of the projeft in the 
point A, have one and the fame proportion to the 
velocity acquired in falling from Eto C-, confe- 
quently, from the nature of proportionals, thofe 
two velocities muft *be equal. . * 

9 Hence 
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Hence it follows, that if projcfts move through 
the fame or different ^^r/i^^/^/, the fquares of their 
velocities in the feyeral points of the parabolas^ are 
to one another, as the parameters belonging to the 
refpedive points ; for, fince the velocities in the 
feveral points are equal to the velocities acquired in 
falling down the fourth part of the parameters be- 
longing to thofe points, and fince the fquares of 
the velocities acquired in falling down the fourth 
part of the parameters, are to one another as the 
fpaces defcribed, as I proved in my ledure upon 
gravity, it is evident that the fquares of the velo- 
cities wherewith projefts move through the feveral 
points of the parabolas which they defcribe, are to 
one another in the fame proportion with the quai-ter 
parts of the parameters belonging to thofe points ; 
but the quarter parts of the parameters being to one 
another as the whole parameters, the fquares of the . 
velocities in the feveral points of the parabolas muft 
bear the fame proportion to one another, that the 
parameters do which belong to thofe points. 

Since this is the cafe, and fince by the nature of 
the parabola the principal parameter is lefs than any 
other, and that the other parameters grow larger 
as the points to which they belong are more diftant 
from the principal vertex j if a projeft be caft ob- 
liquely upward, as in Fig* 4. from A towards E, its PI- 6» 
velocity muft continually decreafe as it rifes and ^*S- 4* 
approaches the uppermoft poinr P, wherein the velo- 
city being leaft muft thence increafe continually as 
the project defcends and recedes from the point P ; 
and as in one and the fame paraholay where the dif- 
tances of any two points as A and K, from the 
principal vertex P, are equal, the parameters be- 
longing to thofe points are likewife equal ; it is ma- 
nifeft, that a projeft muft have equal velocities in 
thofe points ; and of confequence, fetting afide any 
difference which may arife from therefiftance of the 

air, 
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t«r, the project wSU caiem farihu, Soke a mark 
as forcifUy in the \x9iat K as it <}6cs at its Mk ib* 
ting out in the poiot A. 

The {Telocity vvi^firewith a^projoSt js duK>waibfsing 
^ven, the velocity tliereof in mff poiot of )(he ^urve 
*miy be thus determimed. Iti ibt p^rahla of Fig* g« 
let the axis B A be comioitf^ upw^ to D>foibs that 
39 B may equal the he^bt from which « iopdy muA 
fall, in order to acquine the faisie verity where- 
iwith .the projeft kts obt frpm ^ ; th^n ifrom any 
:point in the curve taken at pkaCui;e a$ Kt let thip 
b€>rizoptal line K L be dfawn> and tbe^velod^ c^ 
the proje6t in the point K, wiU hfi to jjie vclockf 
wherewith it began its naotion from G, a? the ^uarfc 
Toot of D L, to the %iare root of D B. For, iu 
my lefture upon gravity, I pcowd, that if a hoif 
he thrown dircftly upward fifom B towairds P, with 
the fame velocity that it acqmres in falJ^Qg frPiO} 
I) to £, it wiil in aay point of its afeent as lv» have 
the fame velocity that it would acquire i^ falling 
from D to that point -, but the veilociiy acqwwcsd ip 
the defcent from D to L, is^ the velocity acquired 
in the defcent from D to B (which vdocity is by 
fuppofition equal to- the vclo<>ity where wih the rhop 
dy is thrown up) as the fquarc ropt^of D L, 60 thf 
fquare root of D B ;:and by die eighth Pr^f. of my 
laft ledlure, the velocity of the projeS: at tK^ is tHefemc 
with the velocity at L; confequently, the velocity 
thereof atK, is to the velocity wherewith it fetoutfrom 
G,asthefquarerootof DL, to the fquare root ©f DB* 
Whence It follows, that if D B be equ^ftl to ifipo 
feet, and D L to 400, the velocity of the projefetatKr 
is but one half of the velocity whiqh it had at it^ fet- 
ting out from G ; and if D L be equal to gooieet, 
then is the velocity at Ki three fourths of the velo- 
city at Gi fo that a projeft being thrown oblique- 
ly upward with fuch a velocity as would carry it to 
the height of 1600 feet if thrown dircftly upward, 
6 will 
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will lofe it fourth part 6f its Telocity by the time it 
ha$ rifen to the perpendicular height of 700 feets 
and ope half of i^s ^Ibcity when it has rifen 500 
fett more. ^ ^ ' . 

T^ velocity wherewith a projeS; is thrown from 
any given plate being given^ as alfo the pofition of 
a ibarky the direftions wherein the projeft muft bo 
tWpwn, in order to hit the mark, may be determined 
in the following manner* 

Lit A be the place from whence the projefl! is PJ- 6.- 
thrown^ C the mark fituated in the line AC, whofe ^8- ^r 
length ia given, as alfo the angle CAB, which it 
makes with the horizontal line AB ; at A ereft the 
perpendicular APr equal to the parameter belongs 
ing to the point A, which parameter is given, in^^ 
tfmuch as the velocity wherewith the projedt is caft 
from the point A is given ; for it is equal to four 
times the height from which a body muft fall in 
order to acquire that velocity. Let AP be bifeded 
by the line KH, cutring it perpendicularly in G; 
at A ereft AK perpendicular to AC, and let it be 
continued till it meets KH. From the point of 
concourfe K, with the • radius K Ay let the circle 
AHP be defcribcd. This being done, let a right 
line as BCEI be cVcfted perpendicular to the hori- 
zontal line A B, fo as to pafs thro' the mark,C, and 
if poffible to cut the circle in two points as E and I; 
AE and AI are the two diredbion^, in either of 
which, the projeft being caft with the given velocity, 
will hit the mark. 

For, drawing the lines PE and PI, the angles 
CAE and APE are equal, from the nature of the 
circle \ and from the nature of parallel lines, the 
angles CEA and EAP are equal i confequendy, 
the triangle AEC is fimilar to the triangle PAE; 
and therefore PA is to AE, as AE to EC ; where*- 
fore, multiplying the extremes and means, ieind di* 

yiding by EC, PA is equal to -g^. In like man- 

N ncr^ 
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ncr, the triangles PAI and CAI being fimilar, PA 

Ala 
is equal to -T^. Wherefore, fince PA is equal 

to the parameter at the point A, it follows, from 
the nature of the parabola^ that thofe parabolas 
which the projeft defcribes when thrown in the di* 
regions AE and A I, muft pafs thro' the point C^ 
confequently, the mark will .be hit by a projeft 
thrown in either of thofe directions. 

Whenever the mark is placed at fuch a diftance 
from A on the line ACM, fuppofe at M, as that the 
perpendicular NMH, which pafles thro' the mark, 
becomes a tangent to the circle at H, the mark is 
then at the utmoft limit on the line AM, to which 
a projcft thrown with the given.velocity can reach, 
and there is but one diredion, to wit AH, where- 
with the mark can be hit ; for it is evident, that any 
other direftion muft terminate in fome point of the 
circumference above or below the point H ; whence 
if a perpendicular be let fall to the horizontal line 
AN, it muft of neceflity fall on this fide of HN 
with refpeft to A, and of confcquence cut the line 
AM in a point kfs diftaot from A than is the point 
M. 

The line AH, which denotes the direftion of the 
projeft, when thrown to the greateft diftance pof- 
fible on the line AM, bifcds the angle P AM, 
which meafures the vifible diftance between the ze- 
nith or vertical point P and the mark M. For, by 
the nature of the circle, the angle MAH, is equal 
to the angle HPA ; and forafmuch as in t|ie tri- 
angles HPG and HAG, the fides PG and AG arc 
equ^l by conftruftion, and GH common to both^ 
and the angles at G right ones, the angle HPG is, 
equal to HAG, confequently, HAG or HAP is 
equal to MAH, thatisi the angle PAC is bifedcd 
by the l^ne AH. 

If 
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Of the motion op PROJECTS, 

If the line ACM be (ituated below the horizontal 
line A N, which is the cafe when the mark is feated 
on a defccnt, let all things bd conftrufted as before, 
dnd the fadie things will obtain i to Wit, A I and 
A E, will be the dircftions neceflary to hit the mark 
at C i and the line A H will bifcft the angle PAM> 
which meafures the apparent diftance between the 
2enith and the mark ; and the point M will be the 
utmoft limit on the line AM, of a projedt thrown 
with the given velocity ; the demonftrations of 
which are exadlly the fame as in the foregoing 
cafe. 

If the rtiark be placed on a level, the line ACM 
will coincide With the horizontal line A B N, and ^y ^^ 
the parameter A P, will pafs thro' the center of the ^^^' ^^ 
circle and become a diameter, the points K and G 
coinciding. 

In this cafe, the horizontal diftance of the mark, 
to wit A C or A B, is as the fine of the doubled 
angle of elevation -, or in other words, the hori- 
zontal range, or the diftance to which a projeft is 
thrown on the plane of the horizon with a given 
Velocity, is as the fine of the doubled angle of ele- 
vation. 

For AC, the horizontal range of a projeft thrown 
Vith a given velocity in the diredion A E, is equal 
toDE, the fine of the iangle AKE, but, from 
the nature of the circle, the angle AKE is double 
the angle APE, which is equal to C AE, the angle 
of elevation; confequently, AC, the horizontal 
diftance of the mark, or the diftance to which a 
projeft is thrown on the plane of the horizon with 
a given velocity, is as the fine of the doubled angle 
of elevation. 

Hence it follows, that in order tp throw a gro* 
jeft with a given velocity, to the greateft diftance 
poffiblc on the plane of the horizon, the dire&ion 
of the projeflion muft be elevated in ah angle of 45 
degrees; for, fince the fine of twice 45 or 90 de* 
N X grecs 
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^YT^ ■ 8'^^* *^ equal to the r^diusy and of confequence, the 
j^^ , greateft of all the fines •, and fincc the horizontaJ 
ranges at. the feveral angles of elevation are to one 
another, 33 the fines of ^he doubled angles of cle« 
yation, it h manifeft, that the greateft range, or as i( 
is ufually called by gvinqers^ the greateft random* 
mv^tt be when the proje^ is call ki a dh-eftion whoic 
elevation is 45 degrees ; aioreover, the greateft ran^ 
dom i^ ever equal to one half the parameter at thq^ 
point from wniGh the projciStion is nfiade •, for the 
fine A M) which expreiifes the greateft random, 19 
equal to the radius K H, or half the diameter A P,^ 
irhich by the conftrudtion^ is equal to the parame^ 
ter belonging to the point A \ fo ihat where the 
yelocity with which a projeft is thrown is given, the 
utndoft difta/i^e which that prqjeft can r^acb on the. 
horizontal plane, is likewife given ; for it is equa^ 
to twice the height, from which a heavy body muft 
fall in order to acquire the velocity wherewith the 
projed^ is thrown •, the parameter belonging to the 
point Ay haviog been already proved ec^ual to four 
times that height* 

A fecond confequence of the horizontal ranges 
being as the fines of the doubled angles of elevatioii 
hy that if two projefks be thrown with ccjual velo- 
cities, in directions whofe elevations are equally di& 
|ant from 45 degrees above and below, for inftance» 
if the elevation of one be 60 degrees, and that oi 
ihe other 30, whereof the former exceeds 45 de- 
grees, and the latter falls (hort thereof by 15 de- 
grees, the horizontal ranges will be equal, or, in; 
Qther words, the two projefts will fall on the plane 
^ the horizon^ at the fame diftance front th^ place 
of projeftion ; for as the fum of any two arches of z^ 
quadrant, whereof one exceeds 45 degrees as much 
asj^e other Is exceeded thereby, is equal to a qua- 
dirant, it is manifeft, that two fuch arches are com** 
plenfients to each other *, wherefore, fince by the na« 
uirc o£ tbe drck> ;he fioc gf a doubled arch is equa) 

' ta 



Digitized by V3OOQIC 



6f tttE MOTION'of project^. r8; 

to the fine of its doubled complement, the fines of I'ftcT** 
fhe doubled angles of two elevations equally diftant ^ ^ 
from 45 degrees above and below, muft be equal j 
and fo of confcquence muft the horizdfttd fanges . 
which are proportional to thofe fines. And thUs it 
would conftantly b6, were it not for two caufes which 
do in fome meafure diliurb this law of projects, fo 
as to make the horizontal ranged of the higher el6- 
vations to fall fhort of thdfe df the loWer. 

The firft of thefe difturbing caufes is the air^ 
wVich as it refifts, and thereby retards the motion^ 
of projefts, muft, ceteris paribus^ caufe a greatet 
retardation in thofe motions which are of longeft 
continuance; corifequently, fince the higher the 
elevation of the direftion i^ the longer is the time 
pf the projefts motion, as fliall be Ihewn hereafter; 
if the diredions wherein tw6 projefts arc caft with 
equal velocities, be equally diftint frontt 45 degrees, 
the one above and the other below, the projeft which 
is thrown in the higher diredlioh, will be fnofe re- 
tarded than that which is thrown ih the ^^tr j and 
of courfe, will fall on the plane of the horizon at 
a kfs diftance from the place of proje(^ioft. 

The fecond difturbing caufe, obtains with regard 
to fuch projects only as are thrown by the force of 
gun-powder. As the force of the powder afts upon 
the ball during its continuance in the barrel, fo does 
it likewife to fome diftance beyond the muzzle ; 
jand by fo doing makes the ball to move forward in 
a right line, which line is commonly called the line 
cf impulfe of fire % at the end of which, the ball 
quitting the blaft of the powder, begins to move i^ 
the curve of a parabola. 

Now tho' the air gave no refiftance to projefts, 
yet muft the horizontal ranges of a ball ftiot out of 
the fame piece with equal charges, in two directions 
equally diftant above and below 45 degrees, be dif- 
ferent on account of the different directions of the 
N 3 line 
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line of impulfe of fire ; for let us fupppfc a guij 
at A, to difcharge two equal balls with equal quan- 
tities of powder, one in the direaion A 3, and the 
Other in the direftipn A C, A B being as far above 
45 degrees, a^ AC is below it ; and let AB and AC 
denote the lines of impulfe of fire, fo that at B and 
C the balls will begin to moye in parabplick curves ; 
from which points let fall the perpendiculars B Dl 
and C E ; it is manifeft, that A p, which is the 
fine of the cotpplement of the higher elevation, 
yrill denote that part of the horizontal range which 
js owing to th.e line of fire, when the projedt is 
thrown according to the higher elevation j and 
^ p, Jthe fine of the complement of the lower ele- 
yatton, Mrill be that part of the horizontal diftance, 
which is owing to the line of impulfe when the 
projcft is thrown according to the lower eleva- 
tion % confcquently, fincc the fine of the com- 
plement of a leiler angle is ever greater than that of 
a larger angle, the horizontal range of the lower 
elevation muft exceed that of the higher, fo that 
^hefe projefts are thrown with the fame velocity by 
the force of powder, in diredions equally diltant 
above and below 45 degrees, thofe muft range far- 
ther which are thrown according to the lower ele- 
vations, as well on account of the line of fire, a$ 

of the refiftance of the air. ' 

The altitude to which' a projeft rifes, is as the 
yerfed fine of the doubled angle of elevation j for 
tV 6. the proof of which, let A E be the direftion of the 
Fig. S. projeftion, and let A C or A B be bifefted in T, 
and from the point of bifeftion ereft the perpen- 
dicular T R i fince the point T is equally diftant 
' from A, where the projedt begins its' niotion, and 

from B, where the motion of the projeft ceafcs, 
T R will be the axis of the parabola which the pro- 
jeft defcribes ; and, from the nature of the parabola^ 
will be bifefted in V by the principal veftex; 

• wherefi 
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wherefore, TV will be the height to which the pro- 
jcdt rifes ; but from the nature of fimilar triangles, 
fince A T is one half of A C, T R is likewife one 
half of C E, and confequently, T V one fourth of 
C E ; wherefore, from the nature of proportionals^^ 
T V is as C E ; but C E is equal to A D the verfed 
fine of the angle A K E, which by the nature of the 
circle, is double APE; and A P E is likewife, by 
the nature of the circle, equal to B A E the anglie 
of elevation; wherefore TV, or the height to 
which the projedb rifes, is as C E the verfed fine of 
the doubled angle of elevation ; hence it follows, 
that the greater the elevation is, the higher the pro- 
jedt will rife, inafmuch as the verfed fines of the 
doubled angles of elevation increafe continually with 
the elevation, till at length the elevation becoming 
perpendicular, the verfed fine of the doubled eleva- 
tion becomes equal to the diameter, which being the 
greateft of ail the verfed fines, the altitude of the 
perpendicular projcftion muft likewife be greateft; 
and it is equal to one fourth of the parsimeter ; for, 
I (hewed you in my le&ure upon gravity, that if a 
body be thrown up with any velocity, it will rife to 
the fame height, from whence if it fell from a ftate 
of reft, it would by the end of the fall acquire the 
fame velocity wherewith it is thrown up -, and in 
this leAure I proved, that the velocity wherewith 
a projeft moves in any point of the parabola^ is equal 
to the velocity acquired by a heavy body in falling 
down the fourth part of the parameter belonging to 
that point ; confequently, a projeft thrown up with 
a given velocity from the point A, yfiW rife to $ 
height equal to the fourth part of the parameter be- 
longing to that point. Hence it appears, that the 
greateft height of the perpendicular projedion, is 
equal to half the greateft random, inafmuch as thp 
greateft random has been proved equal to half the 
parameter belonging to the point A. 

JJ 4 The 
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I^cT. The time of the flight of a prqjedk thrown witb 
3C^* a given velocity, is as the fine o[ the angle of cie* 
vation : for inftance^ the time (^ the flight of a pr^* 
jeft thrown with a given velocity in the dire<ftiofi 
A £» is as the fine of C A E, the angle of elevati- 
on ; for fince the prc^e£t moves thro* the curve of 
Z parabola from A to C, by virtue of its uniform 
motion in the diredlion A E, and of its accelerated 
motion in the direflion £ C, it is evident^ that the 
time of its flight thro' the parabola » rpuft be equai 
to the time of its uniform motion from A to E i 
but as the velocity is given, the time of the motion 
from A to E muft be as the fpace defcribed, that 
is, as A E ; or by the nature of proportionals, as one 
half of A E 5 but A E being the chord of the arch 
AE, which meafures A K E, the doubled angle of 
elevation, one half of A E is equal to the fine of 
half the afch A E, that is, to the fine of the arch 
which meafures CAE, the angle of elevation ; con* 
iequently, the time of the flight is as the fine of the 
angle of elevation. Hence it follows, that the 

Sreater the elevation is, the longer the tinae of the 
ight will be ; as alfo that the time of the perpen- 
dicular flight is greatefl: of all, the fine of the per* 
pendicular elevation being equal to radius. 

If the velocity wherewith a project is thrown be 
required, it may be determined from eieperiments 
in the following manner } by the help of a pendulum 
or any other exaft chronometer^ let the time of the 
perpendicular flight be taken \ then, forafmuch as 
(he times of the afcent and defcent are equal, the 
time of the defcent mud be equal to one half of the 
time of the flight, confequently, that time will be 
known ; and, forafmuch as a heavy body defeends 
from a ftate of reft at the rate of i6 feet m the firft 
fecond of time, and that the fpaces thro' which bo* 
dies defcend are as the fquares of the times ^ if w« 
fay, as pnc fecond is to fixt^Q £pet^ fo is the fc)uaw 
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0f the number oif fircotids which erpreis. the ticnc of 
the defcent of the proje6t> td a fourth proportional* 
wc (hall have the number of f5cct thro' which the 
prc^efl fell, which being doubled, will give us the 
number of feet which the projeft would defcribe in 
the fame time with that of the fall, fuppofing it 
moved with an uniform velocity, equal to that 
which it acquired by the end of the fail ; which laft 
found number of feet, being divided by the num* 
ber of feconds which cxplrefs the time of the pro- 
jeA's defcent, will give a quotient^ exprefling the 
Aumber of feet thro' whidi theprcgeft would move 
in one fecond of time with a velocity equal to that 
which it acquired in its defcent, which velocity is 
equal to the velocity wherewith the projeA was 
throim up; confequently, the velocity wherewith 
the projeft was thrown up is difcovered. To illui^ 
trate this by an inftance, let us fuppofe half the time 
of the perpendicular flight td be 8 feconds ; then^ 
as one is to 1 6, fo is 64, the fquare of 8 feconds, to 
J 024'; which being doubled, and then divided by 
8, gives 256 in the quotient ; which (hews that the 
projeft was thrown upward with fuch a velocity as 
would ca'rry it, fuppofing it moved uniformly, at the 
rate of 256 feet in one lecond of time. 

Perhaps it may be objeftcd, that the method here 
laid down for difcovering the velocity of projeftis, 
is founded on experiments in which projefts are fup- 
pofed to move freely without any let or impediment, 
whereas the air refifts and retards all projefts in their 
motions, fo as not to fuflPcr them to rife to the fame 
height, or to return with the fame velocity, that 
they would in cafe they moved in vacuo ; in anfwer 
to which it muft be confeffed, that in the experi- 
ments here made ufe of, the air does refill and im« 
pcde the motions of projefts, fo as to fhorten their 
afcent, and to lefTen the velocity of their return ; 
but thca this does very little afifeft the truth of 

the 
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I'ECT. the conclufions which are gathered from thefe ex- 
^ M periments concerning the velocities, wherewith pro- 
jt&s begin their motions ; for as in the method laid 
down, the only thing neceflary to be known from 
experiment, is the true time of the flight of a pro- 
je<^, fuppofing it to move in vacua ; if that time 
can be had from thefe experiments, the velocity 
wherewith the prqcft fets out may be rightly de* 
termined, notwithftanding the refiftance of the air ; 
but the time of the flight of a projeft thrown di- 
i!eAly upward, is very nearly the fame in vacuoy as 
in the air ; for, as much as the time of a projed's 
^cent is Shortened by the refiftance of the air, f^ 
much very nearly is the time of its defcent length- 
ened by the fame refiftance, confequently, the whole 
time of the flight in air muft be very nearly equal 
to the time of the flight in vacuoj and therefore,, 
the time of the flight in vacuo }& got> by taking th^ 
time pf the flight in air. 



Degrees. Sines. FerfedJSneSn 

30 50 13 

45 70 — — 29 

60 86 _ — 51 

90 100 — ICO 
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Experiments concerning projeSls made with a finall 
mortar^ the length of wbofe chafe was 54 inches^ 
the diameter of the ball and chafe ^^ inches \ weight 
of the hollow ball 23000 grains ; length of the 
fhamber 2 inches^ and its diameter ^ inch. " 
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LECTURE XIL 
Of Hydrostaticks. 

IN this lefturc I (hall give you an account of the 
gravitation and prcffure of water, and fuch 
dther fluids, as are commonly called liquids. 

A fluid in general is a bodyvwhofe parts yield ta 
any force impreflfed, and in yielding are eafily 
moved one among another. 

The minute particles of fluids do not ftpm ta 
differ from thofe of folid bodies ; inafmuch as fluids 
and folids are frequently converted into one ano- 
ther. Thus water and watery fluids are by cold 
changed into ice; which by heat is again reduced 
to its fluid ftate. Metals of all kinds being^melted 
become fluid, and upon cooling grow folid again^ 
The mofl: folid and ponderous woods, as alfo the 
lardjefl: fl:ones, may by the force of fire in a great 
fiicafure be converted into water, as is well known 
to the chymifts. And there are not wanting in- 
ftances In nature of the groflTefl: bodies being turned 
into the fubtile fluids, of air and light, and thefe 
again into grofs bodies. Which changes can fcarce-^ 
ly be accounted for, unlefs we fuppofe the minutit 
particles of fluids to be of the fame nature with thofe 
iof folid bodies. But be this as ic will, moft certain 
It is, that fluids as well as folids confift of heavy 
particles, whofe gravity is ever proportional to the 
quantity of matter which they contain^ This hav- 
ing been found as far as experience reaches to be the 
tiniverfal property of matter, whatever be the form 
tinder which it appears. Mod indeed of the an- 
cient haturalifts, not being fenfible of any weightor 
preilure from the air about them, or from tht in- 
cumbent water, when immerfed therein, were of 
opinion^ that tl:^ parts of t)ne and the fame element 

did 
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did not gravitate one upon another i which opinion 
has been exploded by the moderns as erroneous > 
and that it is fo, will appear from the followinj^ 
experiment. 

Let an empty phial clofe flopped and immcrfcct Exf • u 
in water, be fufpended from one end of a balan<|jf 
and poifed ; then let the ilopple be taken outi tfa^ 
the water may run in, the phial upon receiving the 
water will preponderate, and bear down the arH> oft 
the beam from which it hangs ; which evidently 
proves, that the parts of water retain their gravitjr 
in water, (b as to prels and bear down upon the 
parts fcencath them ; otherwife the phial would not 
become heavier upon the admiffion of t^ water. 

Ffom the gravity of the parts it follows, that 
fettin^ afide all external impediments, the furface 
of a liquid contained in a vefTel muft be fmooth and 
level i for (hould any part ftand higher than the 
reft, it muft defcend by the force of its gravity, 
and in fb doing, fpread and diffiife itfelf till it 
cproes to be on 4 level with the other parts. As the 

! gravity of the parts reduces the upper furface to a 
evel, fo does i% likewife occafton a preflure on the 
lower parts, greater or lefs in proportion to their 
depth below the furface, each part fuftaining a 
preiTure equal to the weight of m thofe which lie 
above it ; whence it follows, that the parts which 
are at equal depths below the furface, are equall/ 
prefTed, and of cohfequencc muft be at reft, contra- 
ry to the opinion of thofe, who make the nature q£ 
fluidity to confift in the conftant aftual motion of 
the parts bne among another. Should this equality 
of prefture at any time be deftroyed, then indeed a 
motion will arife in ^e parts of the fluid, and coa« 
tinue till the prefture becomes equal again, as may 
appear fromi the following experiment; whereby 
the truth of what has been laid concerning the prefix 
fiire pf the fuperior parts of fluids on thow beneath 
them, will likewife be confirmed^ ^ 

5 ^ Take 
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Take; a glafs tube open at both ends, and ftop*-^ 

ping one end with a finger, immcrge the other irt 

\xo^2^ water to any depth whatever ; upon the immerfion^ 
the water will rife in the tube, but the height td 
which it fifes, whilft the upper orifice continues ftop* 
ped, will be but fmall ; but upon removing the fin- 
, ger, it will rife to the fame height with the water* 
without*. 

When the tube is immerfed, that portion of wa- 
ter which lies beneath the orifice ceafes to be equal- 
ly prefled with the other portions that are at the 
fame depth ; for that portion bears no other pfef- 
fure than what arifes from the fpring of air includ- 
ed in the tube, (which preflure is equal, as fliall be 
fliewn hereafter, to the preflTure arifing from the 
weight of the external air) whereas, the other por- 
tions do not only bear the preflure of the air, but 
likewife the weight of the incumbent water ; foraf- 
much therefore, as the portion of water which lies 
beneath the orifice, is prefled down Icfs forcibly than 
the ac^acent portions, it mufl: give way and rife in 
the tube ; but the height to which it rifes, whilfl: the 
upper orifice of the tube continues flopped, can be 
but fmall •, bccaufe, as the water rifes it comprefles 
the air in the tube, and thereby ftrengthens its fpring, 
fo as to make it prefs with greater force ; and when 
the air is fo far comprefled by the rifing water, as 
that the force of its fpring, added to the weight of 
the elevated water, makes the feme preflure on that 
portion of water which lies beneath the orifice, as 
the joint weight of the atmofphere and external 
water does on the other portions, which are at the 
fame depth with the former, then the water ceafes 
to rife. Upon opening the upper orifice of the 
tube, by the removal of the finger, the compreflcd 
air findmg a paflage thro* that orifice, expands and 
dilates itfclf till it becomes of an equal denfity with 

• The water is tinged of a fine blue purple colour with 9, 
few giains of Sal Armoniack and iJopper. 

2 tht 
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^e external air ; by which meains, the prcflUrc arif- L?ct. 
Hig from the condenfation of the air is taken oflF, ^ XII. 
and of confequencc, the water which lies beneath ^ ^ ^ 
the orifice is lefs preiled than the adjacent portions, 
and for that reafon muft rife^ and continue fo to do, 
till the elevated water in the tube gravitated a3 for«» 
cibly on the water beneath the orifice, as the exter- 
nal water does on the neighbouring portions ; but 
this it cannot poQibly do, till it comes to be of an 
e9ual height with the external water. 

Should a lighter liquid be poured on the external 
water, the water within the tube will rife yet high- 
er than before ; and the height to which it rifes 
above the furface of the external water, will be fp 
much lefs than the height of the lighter liquor aljovc 
the fame furface, by how much the fpecifick gravi-* 
ty of the water exceeds that (rf the lighter liquor j 
for inftance, if the fpecifick gravity of the water be 
to the fpecifick gravity of the lighter liquor, as two 
to one, the height of the water in the tube above the 
level of the external water, will be to the height of 
the lighter liquid, as one to two; becaufe in that 
cafe, one part of water makes an equal preflure with 
two parts of the lighter liquid. To illuftrate this 
by an experiment. 

Let oil of turpentine, whofe fpecifick gravity is Exp. j. 
to the fpecifick gravity of water, as 83 to 100, be 
poured on the external water to the height of eight 
inches and an half, and the water will rife in the 
tube to the height of 7 inches and A above the le- 
vel of the external water, that is, the heights of 
the water and oil will be in the reciprocal propor- 
tion of their fpecifick gravities -, for 7 and A is to 
8 andx, or, which is the fame thing, 73 is to 85, 
very nearly, as 83 to 100. 

The fame thing is in like manner confirmed by 
the following experiment. 

Lee one end of a fntall tube open at both ends^ Exp. ^ 
beimmcrfed in mercury contained in a larger tube; 

and 
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^Lbctv and kt water be poured upon the mercury in the 
^y]^ , larger tube to the height of 34 inches ; the mercu- 
^'^ ry will rife in the ftmilkr tube to the height of two 
inches and an half above the level of the mercurjr 
in the larger tube; ib that the height of the mer« 
curjr in the fmtUer tube above the levd. of the mer«« 
cuiy in the larger> win be to the height of the wa« 
tcr above the fame level in the reciprocal proportion 
^ thetr fpecifick gravities ; for 24- is to 34, as i to 
<3t« which numbers exprefs the proportion of the 
^ecifick gravity of water to that of mercury. 

The prejGTure whick the lower parts of a liquid 
fuftain from the weight of thofe which lie abovo 
them* exerts itielf every way in all manner of di^ 
se&ions, and that equally ; or in other words, what^ 
ever be the force wherewith a drop of any liquid is 
pre0ed downward by the weight of the incumbent 
Uquid, with the very fame force is that drop preflird 
vpwardf as alfo laterally and obliquely* and in a 
word, in all kind of directions whatever ; otberwife 
the drop* which from the nature of fluidity* readily^ 
yields and gives way to any impreflion* muft by 
reafon of the prefiure from above move out of its 
place ** but this it cannot poffibly do* becaufe the 
drops all around it being equally prefled from above^ 
do on all fides refift the motion of that drop* wfth 
the fame force that it endeavours to move r confer 
quently* the drop mufl: continue at reft* and be 
prefled on all fides with the fame force that it is 
firom above ; and what has been thus proved of one 
drop* is in like]manner demonftrable of all the retti 
and therefore* the pref&re on the lower parts of a 
liquid exerts itfclf equally every way, as will ap- 
pear from the following experiment. 
Sxp* 5* Let four tubes open at both ends be immerfed in 
water to the fame depth* their upper orifices being 
firft fl:opped* and let the lower orifices be fo fituaD» 
ed, as that the water in entring may move dircAly 
upward in one^ and dire&ly downward in another, 

obliquely 
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obliquely in a third, and horizontally in the fourth • tjBcr* 
upon opening the upper orifices, the water will rife , ^^_. ^ 
in all of them to the fame height with the external '^^ 
water, as being prefled in the feveral direftions with 
21 force equal to the weight of the incurtibent wa-» 
ter. 

From the preflure of liquids upwlirds it is, that 
folid bodies fpecifically lighter than liquids, ircf 
made to afcend when irtlmerfed therein. For when 
a folid body is immerfed in a liquid, it prefles that 
part of the liquid whereon it refts, with a force equal 
to the weight of a column compofed of the body it- 
felf, and that portion of liquid which lies Upon it j 
and the water prefles upward againft the body, with 
a force equal to the weight of a like column jof tl^e 
liquid alone; which force, inafmuch as the Hqgia 
is heavier than the folid, muft overcome the force 
wherewith the body prefles downward, and of cort- 
fequence, the body muft rife with the difference of 
thofe forces -, as ftikll be ftiewn more fully in my 
next lefture. If by any contrivance the preflure of 
the liquid from beneath can be taken off, & body 
tho* fpecifically lighter will not rife in a liquid^ 
but remain immerfed, as in the following cxptvl-^. 
ment. 

A brafs plate being joined to one end of a cylin^ Exp. $-. 
drical piece of wood, and another plate of the fame ^ 
fize and fhape being fixed in water •, let the cylin- 
der be totally immerfed, and let its plate be laid 
upon the other in fuch a manner, as that no water 
may get between-, the cylinder tho* fpecifically 
lighter will remain beneath the water, being preflfcd 
down by its own weight and that of the incumbent 
water, whilft the contrary preflfufe of the water from 
beneath, is kept oflf by means of the plate whereon 
the cylinder refts. 

As bodies fpecifically lighter than liquid, are 
forced up^ on account of the preflure from below 
being greater than the force wherewith the bodies 

O. prcfs 
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prcfe downward •, fo on the other hand, bodies fpe* 
cifically heavier muft fink, becaufe the force where* 
with they prefs downward exceeds the preflure from 
beneath which oppofes their defcent \ and the force 
wherewith they dcfcend is equal to the difierencc of 
thofe forces ; as fhall likewife be (hewn in my next 
Icfture; If by any contrivance thofe two forces 
can be reduced to an equality,* then the bodies will 
not deicend, but remain fufpended in the liquid i 
as in the following experiment. 

Exp. 7. . Let a brafs plate^ whofe fpecifick gravity is to 
that of water, as 9 to 1 5 be adapted to the neck of 
a glafs vefiel in fuch a manner, as that being im- 
merfcd in water no part of the water nuy get up- 
on its upper furface •, let it then be immerfed to the 
depth of nine times its own thicknefs, (that is, to 
the depth of 2 inches and-i^, the thicknefs of the 
plate being A of an inch) and it will remain fuf- 
tocndcd \ but upon pouring ever fo little water upon 
Its upper furface, it will immediately dcfcend and 
fall to the bottom. 

The plate being jm merfcd to the depth of nine 
times its own thicknefs is preffed upward by a force 
equal to the weight of a column of water, whofc 
height is nine times as great as the thicknefs of the 
plate ; which weight, inafmuch as the fpecifick gra- 
vity of the water is to that of the plate, as i to 9^ 
is equal tx) the weight of the pkte, that is, to the 
force wherewith the plate prcflfes downward •, for as 
none of the water lies on its upper furface, it can 
prefs downward with no other force than what arifes 
from its own gravity y confequently, in this cafe, 
the force which refifts the defcent, is equal to the 
force which promotes it> and of courfe, tlie pkte 
muft remain in its place. Wheii a little water is 
poured on the plate, the v^eight of that added to the 
weight of the pJate, overcomes the refifting fdrce 

Exp. 8; of the water, and caufes the plate to defcend. Shoul4 
the plate be immerfed to twice the former depths 

. ^ it 
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It Witt n^t defcend thd* Idad^ with wtmt to the Ltc-p/ 
height of nine times its own thickhefs ; for as in XIL 
thU cafe, the de|5th to which it is iinmerfed is '' ^^ 
douWrthefbtmet, fo likewife ii the forde wh^re* 
with the watef preffei tifiWiit'd -, cbnretjUeiltly, th^t 
fbf^e is fUfficient to Tuppbrt twicfe thewfei^hfc of th<i 
piafe, and thet-efbre ^\\\ fuftairt thfe plate When Ibad- 
ed wkh wkter, to the height of iiitie titties its own 
thiekiieft, futh a qualrttlty of Witct being juft equal 
in Weight to the phtt. 

If by pouring bh aiore watery the force ifrhefe- 
with the plate preflfes dowhward be increstfed, Or by 
railing the plate nearer to the furface of the water/ 
the force whet'e\Vith the Water preflTes upward be di- 
minifhed^ the .plate Will fall to the bottom ; and orf 
the other hand, if by immerfing the plate to a 
greater depth, the preffure of the water upward hi 
ihcreafed, the plate will be thruft upward againft 
the glafs, and would aftually s^fcerid were it not 
hindered by the glaft. 

Frorh what has been faid it follows^ that if S bef 
put to denote the nuftnber exprefling the fpecifick 
gravity of the plate, that of water being unity ; D 
be the depth to which the plate is immerfed ex- 
prefled in the'thicknefs of the plate, and H the 
height of the water upon the plate exprefled likewife 
in the thicknefs of the plate ; D muft be equal to the 
ftim of S and H in all cafes where the plate remains 
fufpended •, and if there be no Water upon the plate^ 
then D and S muft be equal; wherefore if in the 
former cafe, D be greater than S and H taken to- 
gether, or in the latter, than S alone, the plate will 
afcend if not hindered by the glafs ; and on the 
other handj if D be lefs, the plate will defcend and 
faU to the bottom. 

The preffure which the bottorti of a veffel f gf- 
tairts from a liquid contained in it, whatever be the 
fhape of the veflfel, is equal to the weight of a pil- 
lar of tht liquid, whofe bafe is equal to the area of 

O a the 
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Lect. the bottom, and whofe height is the fa^ne with the 
XII. perpendicular height of the liquor. 
"^-^'JT^ That this is the cafe in veflcls that are equally 
wide from top to bottom is plain and obvious ; in- 
' afmuch as the bottom of every fuch veflel docs ac- 
tually fuftain fuch a pillar of liquor. But that the 
cafe Ihould be the fame in irregular veflcls^ is not 
fo eafy to conceive 5 for inftancc, that in a veflel 
which from a large bottom grows narrower as it 
rifes, fo as perhaps at length to be contrafted into, 
a tube, the bottom fhould bear the fame preflure 
when the veflel is filled, as it would were the veflel 
equally wide throughout from bottom to top, feems 
flirange and furprizing, and yet it is what neceflfari- 
ly follows from the nature of fluidity ; for that part 
of the bottom which lies direftly beneath the tube 
fuftains the weight of a pillar of liquor which reaches 
tq the top of the tube, the veflel being fuppofcd to 
be full, and being preflTed with the weight of that 
pillar, reafts with an equal preflTure on that portion 
of the liquor which touches it; and that pref- 
fure inafmuch as it exerts itfelf equally in the li- 
quor every way, is propagated laterally thro' the 
feveral portions of liquor which are contiguous to 
the bottom of the veflel -, and forafmuch as this la- 
teral preflijre does in like manner exert itfelf equal- 
ly every way, the bottom of the veflTel muft be 
equally preffed in every point 5 confequently, fince 
that portion of it which lies beneath the tube, bears 
a prefl^ure equal to the weight of a pillar of liquor, 
whofe height reaches to the top of the vefl^el, every 
other equal portion muft bear a preflfiire equal to 
the fame weight ; and of courfe, the whole bottom 
mufl: be prefled as forcibly, as if the veflTel conti- 
nued bf the fame widenefs to the top, and was fill- 
ed with the liquor. 
Exp. 5). To confirm this by an experiment. Let there 
PI. 6. \y^ j^Q glaflfes open at both ends, and of fuch fliapes 
, !^' '°' as are exhibited in the two figures, whofe^ower p^rts 
* ^' ■ MN 
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M N are cylindrical and equal, and of a capacity 
juft fufEcient to adntiit the brafs plate made ufe of 
in the laft experiment ; which muft be fitted to each 
of them fucceflively, in order to conftitute two vef- 
fels of equal bottoms, but of different capacities-, 
^nd being fo fitted, let it be immerfed in water, 
as in the laft experiment, to fuch a depth, as that 
it will be neceflary to load it with water in order 
to make it fink ; that is, let the depth be more 
than nine times the thicknefs of the plate, which 
depth muft be the fame in both cafes ; let then 
water be poured on the plate, and let it be obferv- 
ed what height of water is requifite to force down 
the plate when the wider veffel is made ufe of, and 
it will be found, that the fame height will fuffice in 
the narrower vefTel; confcquently, the fmall pillar 
of water in the narrower velfel, muft prefs the plate 
tvith a force equal to the weight of a pillar of water 
of the fame height, and of a bafe equal to the area 
of the plate; for fuch a pillar does aftually prefs 
t;he plate in the larger vefTel, as is evident from the 
bare infpeftion of the figures, and the preflTure made 
on the plate in both veflfels are equal, inafmuch as 
they overcome equal refiftances. 

From what has been faid it appears, that where 
the bafe of a vefTel is given, the pr^fTures upon it 
are as the perpendicular heights of the liquid, what- 
ever be the fhape of the vefTel. And uniyerfally, the 
prefRire on any bafe is meafured by the produft of 
the ared of that bafe into the perpendicular height 
of the liquor above it, without any regard to the 
quantity of liquor contained in the veflel ; fo that 
if we fuppofe a hogfhead fet on one end, and filled 
with a liquor, and a fmall pipe to ifTue perpendicu- 
larly upward frond the other end to any height 
v^hatever, and to be filled with the fame liquor, 
the bottom will be as ftrongly prefTed, and be in 
^s much danger of burfting out, as if the hogfhead 

P 3 was 
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was eontinped to the faine height with the pip^i 
and filled with the liquor. 

As the bottom of a veQcl bears a prefluFe pro* 
portional to the height of the liquor, fo likewife do 
thofe parts of the fides which are contiguous to the 
bottom i becauie the preflure of fluids is equal every 
way. And as the prefTure which the lower parts c^ 
^ fiuid fqftaip from the weight of thofe above then) 
exerts itfclf equally every way, and is likewife pro- 
portional to the height of the inpumbent fluid, the 
fides of a veffcl muft every where fuftain a preflure 
proportional to their diftance from the upper fur- 
face of the liquor. Whence it follows, that in a 
veflel full of liquor, the fides bear the greateft flreli} 
in thofe parts next the bottonf) ; and that the ftrefs 
upon the fides decreafes with the increafe of the dif- 
tance from the bottom, and in the fame prop>ortiQn ; 
fo that in veflels of a confiderable height, the lower 
parts ought to be muph ft:ronger than the upper, ' 
that they may be able tp ^ithftand the greater 
prc0lire. 



L E C T U R E XIIL 

Of Hydrostatick$. 

IN this le(Slure I flaall explain to you that part 
of HYDROsTATicKs which is of ufc in difco- 
vering the denftties znd fpecifick gravities oi bodies. 

The DENSITY of any body is meafured by the 
proportion which i^s quantity of matter bears to its 
Ipulk. For the more numerous the particles of^ 
matjter are in proportion to the fpace which they 
poflcfs, the greater is the denfity of the body ; and 
the fewer the particles, the lefs the denfity ; where- 
fore* putting D to denote the denfity of a body. 
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Q.its quantity of matter, and M its magnitude, 

D sp^; and forafmuch as the quantity of matter 

M 
in any body is ever proportional to, and meafured 
by, the weight, as I (hewed in my lefture upon gra- 
vity i if inftead of the quantity of matteir the weight 
of the body be fubftituted, and if that weight be 

denoted by W, then P=—i that is, the den- 

fity is as the weight of the body direftly, and the 
magnitude inverfly. , , , - . . • 

By the fpecificic gravity of a, body is meant the 
gravity peculiar to that fpecies of matter, whereof 
the body is a part ; and it is meafured by the pro- 
portion of the abfolute weight to the bulk j which 
proportion in one and the fame kind of matter, re- 
mains unvaried; and in different kinds as this pro- 
portion is greater or lefs, fo is the fpecifick gravity 
which is meafured by it. Let S denote the fpecir 
fick gravity of a body, its weight and magnitude 
being denoted by W and M as before; then, from 

what has been faid, S=^i and by confequence. 

fince D is likewife=^, S = D ; that is, the 

fpecifick gravity of a body is as its denfity. And 
therefore, by finding out the proportion which the 
fpecifick gravities of bodies bear to one another, thf 
proportion of their denfities is likewife difcovered ; 
for which reafon I (hall take no further notice of the 
denfities of bodies, but confine myfelf to the con- 
fideration of their fpecifick gravities alone. 

When a folid body is immerfed in a liquid, it 
prelTes downward, and endeavours to defcend by 
the force of its gravity j but fqrafmuch as it cannot 
defcend without moving as much of the liquid out 
of its place, as is equal to it in bulk, it is maniteft 
that it is refilled, and as I may fay, preflTed upward 

o 4 ^y 
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Lect. by a force equal to the weight of fuch a portion of 
XIII. the liquid as is equal to it in bulk; confequently, 

V^^^v^ if the fpccifick gravity of the folid be greater than 
that of the liquid, that is, if the folid weighs more 
than an equal bulk of the lii^uid, the body will de- 
fcend with a force equal to the excefs of ics gravity 
/ above ;hp gravity of the liquid •, on the other hand, 
if {he gravity of the liquid exceeds that of the fo- 
lid, the body being as it were prefled upward by a 
force greater than that whereby it endeavours to eo 
down, will afcend with the difference of thofe forces, 
that is, \yith a force equal to the e^ceft of the fpe- 
cifick gravity of the liquid above that of the folid. 
When the fpecifick gravities are equal, the body 
will neither rife nor fall, but remain fufpended at 
any depth ; being preffed as ftrongly upward by the 
refilling fon e of the liquid, as it is downward by 
jts owr) weight. Hence it follows, that if by any 
contrivance the fpecifick gravity of a folid c^q be 
varied, fo as to be one while greater, another Ipfs, 
and th^n eqiial to the fpecifick gravity of fi Hquid 
wherein it is immerfed, the body will fink, or rife, 
pr remain fufpended according to the variation of 
its fpecifick gravity. And this is the cafe in that 
judicrou? e^i^pcrimept of the little glafs irnages in 
water, which are made to defcend, or rife, or remain 
fufpended at pleafure ; the reafon of which I (hall 
explain to you, aft^r yop have feen the experi- 
ment. 

E*p» }. T^^ images being fet to float on the water, the 

top of the veifel muft be covered with a bladder 
clofcly bound about the neck of the vefTcl, to the 
end that the air, which lies upon the furface of the 
i;yater may not force its way out when it is con- 
denfed by the hand prefling on the bladder. Thf 
images themfelves tho' lighter, are yet nearly of 
the fame fpecifick gravity with the water* and bcr 
ing hollow, arc full of ajr^ which by means of fmall 
' ^ * ' ' ' ' ' {}q1f? 
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holes in their heels &)mmunicates with the air with- 
out. When the air which lies beneath the bladder 
is prefled by the hand, it prcffes on the furface of 
the water •, and forafmuch as the preffure is propac 
gated thro* all the water, thofe portions which are 
contiguous to the heels of the images, are thereby 
forced into the holes, by which means the air with- 
in is condenfed, and at the fame time, the weight of 
the images is increafed by the additional weight of 
the influent water. And when fo much water is 
forced in, as to render the fpecifick gravity of the 
imager greater than that of the water, the images 
defcend and fall to the bottom, where they remain 
as long as the prefllire above continues ; but when 
that is taken off by the removal of the hand, the 
condenfed air in the images dilates and expands it- 
felf, and in fo doing drives out the water •, upon 
which account the images become fpecifically light- 
er than the water, and of courfe afcend. As the 
preffure on the l^laddpr is greater or lefs, fo muft the 
quantity of water which is forced into the images ; 
and therefore, wheneycr it happens that during the 
afcent or defcetit of an image, fuch a preffure is 
made as fuffices to force in juft as much water as is 
requifite to reduce the image to the fame fpecifick 
gravity with the water, the image flops and remains 
fufpended, upon increafing the preffure it defccnds, 
and afcends if the fame be leffened. Some of the 
images begin to defcend fooner -, as alfo to rife later, 
than others, for one or both of thefe reafons ; firft, 
becaufe fome are fpecifically heavier than others ; 
?nd fecpndly, becaufe the cavities in the legs arc 
greater in fome images in proportion to their mag- 
nitudes, than they are in others ; upon both which 
accounts, a lefs preffure is requifite to make fome 
defcend, and to keep them down, than what is ne- 
ceffary to produce the fame effefts in others. For, 
firft, jet us fuppofe the fpecifick gravities of two 

images 
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LtQT. images to be different, but the cavities in their legs, 
XIII. when taken of a given height, to be proportional 
'to their refpeftive npiagnitudes ; fince the air is equal- 
ly denfc in both images, it is manifeft, that it gives 
the fame oppofition in both to the influent water % 
confequently* the water when forced in by the pref- 
fure from above, muft rife to equal heights in the 
cavities of both ; fince therefore the cavities whofe 
heights are equal, are fuppofed to be proportional to 
the magnitudes of the images, it is manifeft, that 
the quantities of water contained in thofe cavities 
muft be fo too ; confequenriy, each image receives 
an addition of weight from the influent water pro- 

{)ortional to its magnitude -, or in other words, the 
pccifick gravities of the two images are equally 
augmented; forafmuch therefore as one of the 
images is fuppofed to be fpccifically heavier than the 
other, it is evident, that when the fpecifick gravity 
of the former has received fuch an addition, from 
the influent water, as makes it a little exceed the 
fpecifick gravity of the water, the fpecifick gravity 
of the latter muft fall fliort therefore ; confcquenly, 
the former muft fink and leave the other above. 

Secondly, Let us fuppofe the fpecifick gravi- 
ties of the two images to be equal ; but let one 
image be lefs in proportion to the cavity in its legs, 
than the other is in proportion to its cavity, the 
height of the cavities being given •, fince the water 
does from the fame preffure rife to an equal height 
in both, it is plain, from what I juft now faid, 
that the former muft receive a greater quantity of 
water in proportion to its magnitude, and confe- 
quently, a greater addition to its fpecifick gravity 
tnan the latter, and of courfe muft defcend 
fooner. 

From what has been faid it follows, that if the 
proportion which the cavity in the legs bears to 
the magnitude of the image be given, the greater 

the 
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the fpfcifick gr^yity of the image is, the more apt 
it will b^ to defccnd ; confcquently, in this ^afc the 
aptitqde of promptn^fs of an im^gc to defcend is 
proportional tQ» and n^ay be expreffed by, the fpe^ 
jcifick gravity. In like manner, if the fpecifick 
gravity be given, ihfs greater the proportion is which 
tb^ cavity in t\\f^ leg oears to the magnitude of the 
im^ge, th^ mqx^ apt the image is to defcend -, and 
therefore in thi? qafe, the aptitude is proportional 
to, and may be expreffed by, the cavity applied to 
the magnitude of the image. But if neither th© 
fpecifick grayity of the image, nor the proportion 
Qf the cavity to the magnitude of the image, be 
given, the aptitude of an in>age to defcend, is as the 
fpecifick gravity into the cavity applied to the mag- 
nitude of the image ; that is, putting A to denote 
the aptitude, ^ S the fpecifick gravity of the image, 
C the cavity in the kg, (the height whereof is al- 
ways fuppofed to be given) and M the magnitude 

SC 
of the image ; A = — j- ; or, fubftituting the abfo-. 

lute weight of the image applied to its magnitude, 

WC 

in the room of the fpecifick gravity, A^-— -5 

that is, the aptitude an image has to defcend, is as 
the weight of the image into the cavity of the leg 
direftly, and the fquare of the image's magnitude 
inverfly. 

A folid fpecifically heavier than a liquid, being 
immerfed therein, lofes as much of its weight as is 
the weight of a portion of the liquid equal to it in 
bulk ; for it has been already fliewn, that a folid is 
carried down in a liquid by the excefs only of its 
gravity, above the gravity of a portion of the li- 
quid equal to it in bulk ; confequently, the other 
part of its gravity is loft, as to any effed it has on 
the body itfelf •, as will appear from the following 
experiment. 
'^' • Let 
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Lect. Let a fmall qrlinder of brafs, fufpcnded at one 
M ^^^1' t ^^^ o^ ^ balance and counterpoifed, be immerfcd 
Expr*. ^ water ; upon the immerHon it will become light- 
er, fuppofe by 200 grains, which is the weight of 
as much water as is equal in bulk to the cylinder ; 
for a cylindrical veflcl, juft large enough to contain 
the cylinder, being hung at one end of a balance 
and poifed, and then filled with water, preponde- 
rates with the weight of 200 grains. 

Since a folid when immerfed in a liquid, lofes 
as much of its weight, as is equal to the weight of 
a portion of the liquid of the fame dimenfiohs with 
the folid, it follows, that all bodies whatever, whofe 
magnitudes are equal, however difierent their fpc- 
cifick gravities jnay be, do fufFer an equal lofs of 
weight in the fame liquid. Thus a cylinder of 
&p. J. |;>lock-tin, equal in dimcnfions to the brafs cylinder, 
but fpecifically lighter, being immerftd in water, 
lofes 200 grains, as did that of brafs. 

Tho* a folid lofes part of its weight when im- 
merfed in a liquid, yet it muft not be imagined that 
the weight fo loft by the folid, is actually deftroyed, 
but that it is imparted to the liquid, the liquid con- 
ftantly gaining in weight what the folid lofes. For 
Ixp. 4. if the veflel with the water wherein the cylinders 
were immerfed, be put into a fcale and poifed ; up- 
on the immerfion of cither cylinder, it will preponr 
derate with the weight of 200 grains, which. i$ what 
the cylinder lofes. 

Solids equal in weight, but of different fpecifick 
gravities, being immerfed in the fame liquid, fuffer 
, lofTes of weight reciprocally proportional to their 
fpecifick gravities ; for as the lofs of weight which 
any body fuffers in a liquid, is equal to the weight 
of as much of the liquid as is equal in bulk to the 
folid, the lofs fuftained is ever proportional to the 
magnitude of the body ; whatever proportion there- 
fore the magnitudes of bodies have to one another, 
the fame will the lofTcs of wfight have which they 

fuffer^ 
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fuffer ; but the magnitudes of bodies equal in weigHf, 
but of different fpecifick gravities, are to one ano- 
ther in the reciprocal proportion of their fpecifick 
gravities ; confequently, fo are the lofles of weight 
which they fuffer. Which is confirmed by the fol- 
lowing experiment. 

Let two cones, one of lead, the other of tin^ ^'P- S* 
whofe fpecifick gravities arc to one another, as 1 12 
to 74, and the weight of each 400 grains, be im- 
merfed in water, after the manner of the cylinders ; 
upon the immcrfion, the lead will lofe 35^ grains, 
and the tin 54; but 354- is to. 54, as 74 to ii2, 
that is, reciprocally as the fpecifick gravities of the 
metals. 

From the loffes of weight being reciprocally pro- Exp. 6, 
portional to the fpecifick gravities, it follows, that 
if two bodies of difierent Ipecifick gravities, which 
balance each other in air, be immerfed in water or 
any other liquor, the atiuilibrium will be deftroyed, 
and that which has the greateft fpecifick gravity will 
defcend', as will appear, by hanging the cones, one 
at each end of a balance, and then immerfing them 
in water, for the lead will preponderate. 

The fpecifick gravity of a folid fpecifically hea-, 
vier than a liquid, is to the fpecifick gravity of the 
liquid, as the abfolute weight of the folid, to the 
lofs of weight which it fuffers in the liquid ; for the 
fpecifick gravities of bodies being as the abfolute 
weights applied to the magnitudes, where the 
magnitudes are equal, the fpecifick gravities are di- 
redly as the abfolute weights ; if therefore we com- 
pare the folid with a quantity of the liquid equal to 
it in magnitude, their fpecifick gravities muft be as 
their weights -, but the abfolute weight of fuch a 
quantity of the liquid, is equal to the lofs of weight 
fuftained by the folid ; confequently, the fpecifick 
gravity of the folid, is to that of the liquid, as the 
* whole weight of the folid, to the lofs which it fuf- 
tains in the liquid. 

Hence 
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VTi7* ^^"^ ^^ ^^^ ^ method of dircovering the fpe* 
^} /_^ cifick gravities of fuch folid bodies as are hcavicif 
' than water; I mean, of difcovering the proportbns 
of their fpecifick gravities to the fpecifick gravity 
of water. For if we fuppofe the fpecifick gi'avity trf 
water to be unity, and put L to denote the lofs of 
weight which any body, whofe fpcciBck gravity we 
look fori fufttins in wacer^ and W its whole Kreight^ 

t W W 

then L : W : : i : y" ' confcquently, — ekpref- 
JLi i^ 

fcs the fpecilfck gravity of the folid, that of watcf 
being unity ; arid therefore, in order to know th^ 
fpecifick gravity of any folid heavier than Watcc^ 
nothing more is requifite, but to difcover the quan- 
tities denoted by W and L, and to divide the firft 
by the laft •, the firft is had, by taking the weight 
of the body iri air, and the laft, by' taking the weight 
in water, and fubdufting it from the weight in air; 
for the remainder is the lofs of weight, vtrhich di* 
viding the weight in air, gives a quotient exprefling 
*^P* 7' . the fpecifick gravity of the body. To apply this 
to a particular cafe, let it be propofcd to difcoVcr 
the fpecifick gravity of a piece of tin, which being 
weighed in air, is found to be 300 grains, and in 
water, 259^, whith being fubduftcd frorii the for- 
mer, leaves /[O^ for the lofs of weight; fo that irt 
this cafe, W denotes 300, and L 404 ; arid there- 
fore, dividing 300 by 40^, we (hall have y-r% for 
the fpecifick gravity of tin, that of water being 
ijnity. Whence it appears, that tin, bulk for bulk^ 
is more weighty than water, in the proportion df 
74 to 10. 

If the body, whofe fpecifick gravity is reqilirtd,* 
be lighter than water; then, forafmuch as its gf^ 
vity is not fufficicnt to caufe a total imriierfion, thtf 
lofs of weight Which it fafftt^ irt Water carifhot bcf 
found out by weighing it alone iri that liquid ; le^ 
it therefore be joined to fome other bodyfo weJghtyj 
that the compound may fink •, but firft let the I06 

of 
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of weight wbkh the heavier body ak)ne fuftairrs in 
water be found out^ as before j and then let the tofe 
of weight which the compound fuftiins be likewife 
difcovered, whence dedufting the lofe of weight 
fuftained by the heavier, the reitiainder will exhibit 
the lofs fuftained by the lighter ^ confequently, di^ 
viding the weight of the lighter by that retnainder^ 
the quotient will expfefs the fpdcifick gravity re* 
<|uired ; that is, putting W for tht weight of the 
body whofc fpecifick gravity is -fought, L for the 
tofs of weight fuftained by the compound, and 

W 

1 for the lofs fuftained by the heavier body r ' 

expreflcs the fpecifick gravity of the body. To 

apply this to a particHldt cafe j let the Weight of a Exp* 4. 

piece of wood fpecifically lighter than water be 

220 grains, and let it be joined to a piece of tin of 

i6o grains, whofe lofs in Water is found to be 17 

grains •, then the compound being weighed in wa* 

ler, will be found to lofe 354 grains 5 fo that in 

this cafe, W is equal to I2O grains, L to 334, 

and 1 to 1 7 ; and L left 1, is equal to 3 1 7 grains. 

And therefore, dividing 220 by 317, we fhall 

have -i V /g for the fpecifidk gtavity of the wood^ 

that (rf Water being unity,/ So that that kind c^ 

wood is bulk for bulk lighter than water, in the 

proportion of 664 to 1000. 

If the body whofe fpecifick gravity is fought bt 
diffolvable in water, then inftead of water, let fome 
other liquor be made ufe of^ which will not diflblve 
the, body V and let the proportion of the fpecifick 
gravity of the- body to the fpecifick gravity of that 
liquor, be difcovered by the foregoing method 5 as 
^fo the proportion of the fpecifick gravity of that 
Kquor to the fpecifick gravity of water, by the me- 
thod which (hall be ftiewn prefently. Then in what- 
ever proportion the fpecifick gravity of the liquor ex- 
ceeds or falls (hort of the fpecifick gravity of ^ater, 

in 
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in the fame proportion let the fpecifick gravity d£ 
the body with regard to that of the liquor be in- 
creafed or diminiflied, and it will give the fpecifick 
gravity of the body with rcfped to that of water 5 
^ that is, if we put A for unity or the fpecifick gra- 
vity of water, B for the fpecifick gravity of the 
other liquor, and C for the fpecifick gravity of the 
, body with regard to that liquor ; then by faying, as 
A is to B, fo C to a fourth proportional, we fliaU 

BC 

have -x^ for the fpecifick gravity of the body with 

refpeft to that of water; or rejc6ting the divifor as 
being equal to unity, and putting S for the fpecifick 
gravity of the body with refpedl: to water, we (hall 
Exp. 9. have S = B C. To apply this, let the fpecifick gra- 
vity of Roman- vitriol be required -, let the weight 
of a piece in air be 67 grains, and in fpirit of wine 
41 grains; confcquently, its lofs of weight in the 
fpirit is 26 grains, which dividing Sy^ gives 
2.576 for the fpecifick gravity of the vitriol with 
regard to the fpecifick gravity of the fpirit, which 
in this cafe is fnppofed to be unity ; but the fpeci- 
fick gravity of the fpirit with regard to that of wa- 
ter is lefs than unity, being only -iVr, as fhaU be 
fliewn prefently; wherefore B is = 0.8 7, and C 
is = 2.576; confequcntly 2.24, which is the pro- 
^udt arifing from the multiplication of thofe two 
numbers, expreffes the fpecifick gravity of Roman- 
vitriol with refpedt to that of water, which is as 
unity ; and therefore in whole numbers, the fpe- 
cifick gravity of Roman-vitriol exceeds that of 
water, in the proportion of 224 to 100. 

The fpecifick gravities of liquors are difcovered 
by taking the lofles of weight fuftained by one and 
the fame folid in the feveral liquors ; for fince the 
lofs of weight in each liquor, is equal to the weight 
of as much of the liquor as is equal in bulk to the 
body ; by taking the loifes of weight fuftained by 

the 
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the fame body in the feveral liquors, we get the ytit^* 
abfolute weights of fuch portions of thofe liquors ^ V | 
as are equal in bdlk ; and by confequence, the fpe-» . 
cifick gravities of the liquors* the fpecifick gravi- 
ties of bodies equal in bulk, being to one anbther 
as their iibfolute weights ; wherefore, putting L 
for the lofs of weight which a Body fuftaids in wai- 
ter, and little 1 for the lofs of weight fuftained by 
the fame body in any other liquor; then, by fay- 
ing, as L to 1, fo is unity to a fourth term, we 

Ihall have j- for the fpecifick gravity of the other 

liquor, that of water being unity ; fo that to dif- 
cover the fpecifick gravity of any liquor, we have 
nothing more to do, but t6 weigh one and the 
fame folid, both in the liquor whofe quantity is 
fought, and in water, and to divide the lofs of 
weight which the folid foffers in the liquor* by the 
lofs which it fuftains in water ; for the quotient will 
cxprefs the fpecifick gravity of the liquor. Thus, 
' a glafs bubble, whofe weight in air is 1727 grains, jExp. |gj[ 
being weighed in wat^r* is found to k>fe 641 grains, 
and 558 in fpirit of wine ; and therefore, dividing 
558 by 641, We (hall have a quotient of 0.87 for 
the fpecifick gravity of the fpirit, that of water be- 
ing unity. 

When a body fpecifically lighter than a liquid^ 
is fet to float upon ir, the p^art immerfed is equal in 
bulk to a portion of the liquid whofe weight is equal 
to the weight of the whole body v for finee tht bo- 
dy finks in part, by moving fome of the liquor 
out of its jplace, and fince the weight of the body 
is the power which moves the liquor, the body 
muft continue to fink* till it has removed as mcich 
of the liquor as h equal t6 ft in weight; confer 
quently, the part immerfed muft be equal in mafg'* 
riitttde to fuch a portion of the liquor, as is equal 
• in weight to the whole body •, which is abundantfy 
confirmed by the following experiment. 

P Ab»ll 
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A ball of pear-tree, a wood fpecifically lighter 

^ than water, being fet to float on water contained in 

lExpTTu * g^*f* veflel, let the veflcl be placed in a fcalc and 
cognterpoifed ; then, taking out the ball, let the 
veflel be fllled up with water to the fame height at 
which it fliood when the ball was in it, and the fame 
weight will counterpoife it as before. 

From the veflTcrs being filled up to the fame height 
at which the water flood when the ball was in, it 
is manifefl*, that the quantity poured in is equal in 
magnitude to that part of the ball which was im- 
merfcd ; and, from the fame weight counterpoifing, 
it is evident, that the water poured in, is equal in 
weight to the whole ball 

' The part immerfed is to the whole body, as the 
fpecifick gravity of the body to the fpecifick gravi- 
ty of the liquid ; for the fpecifick gravities of two 
bodies, being to one another as their abfolute 
weights applied to their magnitudes, if their weights 
be equal, their magnitudes are in the reciprocal 
ratio of their fpecifick gravities ; fince therefore, 
fuch a portion of the liquid as is equal in magni- 
tude to the immerfed part of the folid, is likewifc 
equal in weight to the whole folid ; the magnitude 
Gt the immerfed part is to the magnitude of the 
whole body, as the fpecifick gravity of the folid 
to the fpecifick gravity of the liquid. 

. When the fame body is fet to float fucceflSvely in 
different liquors, the parts immerfed are to one ano- 
ther in the reciprocal proportion of the fpecifick 
gravities of the liquors. For the body defcends in 
each liquor, till the pare immerfed takes up the 
room of as much liquor as is equal in weight to the 
whole body y and therefore, fuch portions of the 
feveral liquors as are equal in magnitude to the 
imn:ierfed parts of the body have all equal weights; 
but the magnitiKles of bodies equal in weight, ^e 
to one another reciprocally, as their fpecifick gra- 
vities; coqfequcntly, in one and the fame tody 

floating 
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floating in different liquors, the parts immerfed are 
reciprocally as the fpecifick gravities of the liquors. 
On this principle is founded the hydrometer; 
which is an hollow glafs ball, with a fmall hollow 
ftem of about 5 or 6 inches in length, oppofite to 
which, on the other fide of the ball, adheres a 
fnialler ball filled in part with nnercury, or fonie 
other weighty body, to the intent, that when the 
ball is fet to float in water, or any other liquor, the 
ftem may be kept uppermoft, and in a pofition per- 
pendicular to the furface of the liquor ; and at the 
fame time, that the machine may be fo far immer- 
fed, as that the ftem only, at fome part thereof, 
may remain above the liquor : the fl:em being gra- 
duated from top to bottom, has numbers annexed 
to every degree, exprefling the magnitudes of the 
parts which lie below the feveral degrees. 

The ufe of this little machine is to difcover the 
fpecifick gravities of liquors, which is done in the 
following manner. The hydrometer being firfl: fet to 
float in water, the degree to which it finks muft be 
obferved, and the number thereto annexed ; then 
being fet to float in any other liquor, the degree 
to which it finks, with the number annexed, mufl: 
likewife be noted ; for as this number is to the for- 
mer, fo is the fpecifick gravity of water, to that of 
the other liquor, as is evident from what was jufl: 
now faid. To illufl:rate this in the cafe of water Exp. izii 
and fpirit of wine. [The hydrometer being dropt 
into water, finks to the degree whofe number an- 
nexed is 87; and being dropt into fpirit of wine, 
finks to the degree whofe number is 100 ; whence 
it appears, that the fpecifick gravity of water \s\o 
that of fpirit of wine, as 100 to 87. 

Tho* hydrometers may be ufeful in difcovering 
the fpecifick gravities of liquors for loofe and inac- 
curate computations, yet they are not to be de- 
pcndcd on in cafes where great cxaftnefs is required, 
P^2 and 
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and that for two reafons ; Firft, bccaufe it is cr* 
treamly difficult to graduate the ftems fo cxaftly^^ 
as that the numbers annexed fhall truly exprefs the 
'magnitudes of the parts below tbeni^ Secondly, 
becaufe, pardy from the motion of the hydrometer 
in the liquor, and pardy from the rifmg of the U- 
<}uor about the ftcm from the attradivc force of the 
glafs, it is hardly pofliblc to determine with cxaft- 
nefs the degree to which the bydromeier finks* 
Upon both which accounts, as alfo becaufe the 
method of determining the fpecifick gravities of 
liquors by means of the glafs bubble is much mprr 
eafy and exaft, this method by the hydrometer i^ 
incirely laid afide. 

LECTURE XI7. 
Of Hydrostaticks. 







IN this lefture I fliall give you an account of tk 
flux of water from reservoir^ thro' crrfices^ 
and pipes. 

If water, flowing out at an orifice in the bottom 
of a veflcl, be kept conftantly at the fame height ifi= 
• the veflel, by being fupplied as fafl: above as ic 
runs out below, the velocity wherewith it flows out, 
is as the fquare root of the height of the water above 
the orifice. 

For if we fuppofe the coluraa of water which 
ftands direftly above the orifice, to be divided into 
an indefinite number of plates of an equal but ex- 
ceedingly Imall thicknefs, it is manifeft, that what- 
ever be the force of gravity, wherewith the upper- 
. moft plate prefles upon the fecond, the fecond pref- 
' les upon the third with a double force, and the thind 
upon the fourth with a triple force, and fb on •, fo 
that the plate which is next the orifice is preffcd 

downward 
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xJcrwnward by the joint gravities of the fevcral plates 
'which lie above it^ and likewife by the force of its 
own gravity, inafmuch as there is no other plate 
beneath it whereon to reft ; confcquently, from its 
own gravity^ and that of the fevcral plates above it, - 
it does all at once receive as many equal impreffions ' 
from gravity>j as it would fucceflively in falling 
dowh the height of the water -, and of courfe, muft 
pafs thro' the orifice, wjth the fame velocity that it 
would acquire in filling down that height ; but I 
proved in my ledure upon gravity, that the velo- 
city which a body acquires in falling thro' any fpace, 
is as the fquar^ root of the fpace *, confequently, 
the velocity wherewith the water flows out, is as the' 
^ A^uare root of the height of the water above the 
- orifice. 

To confirm this by an experiment ; let there be Exp 

two veffels in all things alike, excepting that one is 

four times as tall as the other, the height of one 

being 20 inches, and of the other 5 ; let each of 

. tbem have a circular orifice in the bottom, a fifth 

part of an inch in diameter •, and being both filled 

with water; let them be fet a running, and let the 

water be fupplied as faft above as it runs out below 5 

the taller veffel will difcharge about twenty one 

ounces in the fpace of a quarter of a minute, and 

in the fame time the ftiorter will difcharge about 

1 1 ounces. . Now, forafmuch as the orifices thro* 

which the water flows are equal, and likewife the 

linlfesof the flux, the quantities difcharged are as 

the velocities ; confcquently, the velocity wherewith 

the water flows out of the taller veflcl, is to the 

velocity wherewith it flows out of the ftiorter, as 

2.1 to II, that isi nearly as 2 to 1, which are the 

fquare roots of the heights of the water above the 

orifices. 

As the preflure fufl:ained by the lower parts of 
water from the weight of thofc above, exerts it- 

P 3 felf 
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felf with the fame force laterally that it does down* 
ward, it matters not whether the orifice through 
which the water flows, be at the bottom or fide of, 
a veflel ; for the water will flow out of both with 
the fame velocity, provided they are at equal 
depths below the upper furface of the water ; and 
therefore, the velocity of water flowing out of an 
orifice in the fide of a veflel, is as the fquare root 
, of the height of the water above the orifice ; as 

pxp. 2* will appear, by repeating the lafl: experiment with 
vcflels whofe orifices are in their fides ; for the 
quantitcis difcharged will be the fame as before. 

From what has been faid it follows, tliatifan 
orifice in the fide of a veflTel be fituated as far above 
an horizontal plane, as it is below the upper furface 
of the water, the water will fpout from that orifice^ 
to the diftance of twice tJie height of the orifice 
PI. 6. above the plane* For inftance, if AOBC be a vef- 
Fig. iz. fel full of water, O an orifice in the fide, whofe 
height OD above the horizontal plane D H, is equal 
to OA, the difl:ance of the orifice from the top of the 
water ; D H the horizontal difl^ance to which the 
water fpouts, will be double of O D, the height of 
the orifice above the plane. For the fpouting wa- 
ter has two motions, one uniform from the preflTure 
of the water in the veflTel, in the direction OF per- 
pendicular to the orifice, the other accelerated, from 
the force of gravity in the direftion OD perpendi- 
cular to D H ; which tv/o motions do by no means 
hinder one another, but by their combination caufe 
the water to fpout in the curve of zparahla. Now, 
the velocity wherewith the water moves in the di- 
redion O F, being equal to the velocity acquired by 
a body in falling from A to O, or from O to D ; 
in the fame time that it falls from O to D, and by 
fo doing, reaches the horizontal plane, it will be 
carried in the direftion O F, thro' a fpace equal to 
twice O D, (inafmuch as all bodies whatever that 

move 
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move uniformly, with a velocity equal to that which 
is acquired by a body in falling in thto' any height 
do in the fame time with that of the fall, dcfcribe 
a fpace double of that pf the fall); confequently, 
the horizontal diftance to which the water fpouts, 
will be equal to twice the height of the orifice above 
the plane. Thus, from an orifice in the fide of a Exp. 3. 
veflcl, the depth whereof below the furface g( the 
water is 20 inches, the water will fpout to the dif- 
tance x)f 38 inches 6n an horizontal plane, whofe 
diftance below the orifice is likewife 20 inches 5 and 
where the depth of the orifice below the top. of the 
water is 5 inches, the water will fpout to the dif- 
tance of g-^ inches on an horizontal plane fituated at 
the diftance of 5 inches below the orifice; fo that 
in both cafes thediftances to which the water fpoutis, 
are nearly double the diftances of the planes below 
the orifices ; and they would be exaftly double, 
were it not that the water is retarded a little by the 
oppofition it meets with from the air. 

The diftances to which wa^er fpK)Uts on an hori- 
zontal plane, from orifices in the fides of diflferent 
vefTels, the orifices being at equal heights above the 
plane, are to one another as the fquarc roots of the 
heights of the water above the orifices. 

For fince the orifice^ are at equal heights above 
the plane, the times of the defcent of the water 
from the feveral orifices to the plane muft be equal 5 
confequently, the horizontal diftances *fo which: tjie 
water fpouts, muft be as the velocities wherewith it 
fpouts ; but thofe velocities are as the fquare roots 
of the heights of the water above the orifice ; con- 
fequently, fo muft the horizontal diftances. Thusj 
if twa veffels be fo placed, as that the orifices in Exp. 4. 
their fides (hall be 20 inches above an horizontal 
planer the height of the water in one veffel being 
2o inches above the orifice, and in the other 5 ; the 
water will fpout from the former, to* the diftance 
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of 38 inches, and from the latter, to the diftaiK 
of 19 inches •, but 38 is to 19, as 2 to i ; that i 
as the iquare roots of the heights of the water abov 
the orifices, for the heights are as 4 and i. 
. The diftance to which water fpouts from an ori 
iice in the fide of a veflel, whatever be the heigF 
of the orifice 'above the plane, as alfo of the wai 
above the orifice, may be thus determined ; lei 
PI. 6. BR reprcfent an horizontal plane, F an orifice i 
Fig* n» the fide of a veflel at any height above the plane,l 
and AB the height of the upper furface of the wacr 
ter above the plane. On A B as a diameter, de-* 
fcribe the fcmicircle A D B, and at F fet oflT F Er 
perpendicular to A B, and meeting the circle in E. 
The diftance to which the water fpouts on the plane 
BR from the orifice F, is proportional to the line 
FE. 

For, from the nature of motion, the fpace de* 
fcribed, is as a re&angle under the time and velo^ 
city ; but in this cafe, the time of the motion is as 
the fquare root of FB, and the velocity wherewith 
the water fpouts, is as the fquare root of AF ; con- 
fequcntly, the fpaee thro* which the water runs in 
the horizontal diredion, is as the fquare root of the 
rcdangle AFB; but by the nature of the circle, 
the fquare root of the redangle AFB is equal to 
FE ; confequently, the horizontal diftance to which 
the water fpouts on the plane B R from the orifice 
F, is as F E. 

Hence it follows, that the diftance to which the 
water fpouts, is as die fine of the arch A E, whofe 
verfed fine A F is equal to the height of the water 
\. ' above the orifice. And, forafmuch as any two 

fines, which are equally diftant from the center, are 
equal, it follows that the water muft fpout to the 
fame diftance from two orifices as F and L, whofe 
diftances from the center are equal ; as alfo, that 
k muft fpout to the greatcft diftance from an orifice 

in 
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iHi the center, the fine C D being in that cafe equH 

kk radius, and confequently the greateft. 

abojj To confirm what has been faid -, let a veflel e^pI^T 

(yhofe height is i6 inches, and which is perforated 
uxia the middle, and likewife at the diil:ance of 5^ 
benches above and below the middle, be filled with 
w#ater, and^fet upon an horizontal plane; the water 
diH¥ill fpout from the middle orifice to the diftance of 
ficciabove 1 5 inches, and from each of the other two, 
ptato the diftance of about 10 inches. 
icn All things being fuppofcd as before, the diftanqsa 
r,ito which the water fpouts, fetting afide what little 
f fi difturbance may arife from the refiftance of the air, 
ii)l are equal to twice the fines of the arches, whofe * 
pk verfed fines are equal to the heights of the water 
: k above the orifices. For, the diftance to which the 
water fpouts from the central orifice C, is to the 
ei diftance to which it fpouts from any other orifice as 
ra: F, as the fine C D is to the fine F E ; but forafmuch 
is I as the orifice C is as far diftant above the plane as 
ffi: it is below the furface of the water, the diftance to 
:of which the water fpouts from that orifice is equal to 
\i twice C B, or twice CD •, confequently, the diftance 
li to which it fpouts from F muft likewife be equal to 
i twice F E, and fo of any other orifice. 
0. Water which fpouts perpendicularly upward fets Eaq?. 6* 
ti* out with fuch a velocity, as is fufficient to carry it 
c to the fame height with the water in the veflel from 

which it fpouts. For the velocity wherewith it fets 
! out, is equal to the velocity acquired in falling down 
i the height of the water ; and, in my lefture upon 

gravity, I Ihewed, that a' body thrown direftly up- 
) ward rifes to fuch a height, whence if it be let fall, 

it will by the end of the fall acquire the fame velo- 
; city wherewith it was thrown up ; confequently, the 
f water fpouts with a velocity fufficient to carry it 
• to an equal height with the water in the refervoir % 

kowever,. it cannot pofllbly arrive at that height, , 

by 
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'^iv' ^ rcafon of the rcfiftancc it meets with from tlic 
^ ^ Vj air ; which, as it cannot be taketi off, muft leSEkm 
the heights of aH jets whatever, fo as to make thetn 
fall fhdrt of the heights in the refervoirs ; befides, 
the water in the uppermoft part of the jet, when ic 
has loft all its motion* refts for fome time on the 
part next below it, and by its weight obftro&s and 
retards the motion of the whole column, and thcrc^ 
by le0cns its height ; and fo great is the refiftance 
arifing from this caufe, as that the jet is frequehtljr 
deftroyed by it, the rifing water being by fits and 
ftarts prefled down to the very orifice from which 
it fpouts. 

E^P' 7% By giving the jet a little inclination, the upper- 
m<rft parts, when they have loft their RX>tioa up- 
ward, are made to fall off from the reft, whereby 
the refiftance which arifes from their weight is 
taken of£ And this is the true reafon why, c^e^ 
tens paribus^ fuch jets as are a litde inclined, rife 
h'^her than thofe whofe afcents are perpendi^: 
cular. 

The velocity wherewith water flows out of a cy- 
lindrical pipe inferted horizontally into the fide o£ 
a veflel, is as the fquare root of the height of the 
water in the veflel above the place of the pipe's in- 
fertion direSly, and the fquare root of the length 
of the pipe inverfly ; for fince the pipe is cylin- 
drical, the velocity wherewith the water flows out 
at one end, muft be equal to the velocity where- 
with it flows in at the other; but the vetocity 
wherewith it flows in, is in the propcM-tion laid 
down ; for the preflure of the incumbent water in 
the veflel, cannot make the water which lies next 
the orifice flow into the pipe, unlefs at the fame 
time it drives forward all the water contained in 
the pipe ; for which reafon, the water in the pipe 
may be locked upon as an obftacle which refifts 
aiid impedes the moving caufe. Now, where a caufe 

ads 
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afts under the difadvantage of a clog or impedi- 
ment, the potency of fuch a caufe is increafed, either 
by diminifhing the impediment, or augmenting the 
abfolute ftrength and vigour of the caufe itfclf j 
where the ftrength and vigour of the caufe is given, 
the potency thereof incrcafes in proportion as the 
impediment leflens, and leflens as that increafes^ 
and where the impediment is given, the potency of 
the caufe increafes, and leflens in proportion to the 
increafe and diminution of the abfolute ftrength and 
vigour of the caufe ; confequently, the potency is 
in a ratio compounded of the ftrength or magnitude 
of the caufe, and of the weakness or fmallnefs of 
the impediment *, that is, it is as the magnitude of 
the caufe direftly, and as the magnitude of the im- 
pediment inverfly ; or as the magnitude of the. caufe 
applied to the magnitude of the impediment. Now, 
in the cafe before us, where the preffure of the wa- 
ter in the refervoir is t-he moving caufe, and the wa- 
ter in the pipe is the impediment, the magnitude 
of the former is meafured by a,re6tangle under the 
height of the water, and the orifice of the pipe, 
and the magnitude of the latter by a reftangle un* 
der the orifice of the pipe, and'^the length thereof; 
or rejefting the orifice as being ever the fame in 
both, the magnitude of the moving caufe, is as the 
height of the water, and that of the impediment, 
as the length of the pipe j and therefore, putting 
H for the height of the witer in the refervoir above 
the place of the pipe's infertion, and L for the length 

of the pipe; y; will denote the prefTure of the wa* 

ter in the refervoir, as leffcned by the refiftance of 
the water in the pipe •, and putting O for the ori- 

HO 
iice of the pipej-j- will exprefs the force which 

drives the water into the pipe ; and forafmuch as 
the motion generated in any time by a force afting 

conftantly 
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conftantly and uniformly, is as a rectangle under the 
force and time ; putting T for the time that the 

HOT* 
water continues to flow into the pipe, — j— will 

be as the motion generated in the water flowing in- 
to the pipe •, but the motion generated in the in- 
fluent water, is as the quantity which flows in, 
multiplied into the velocity wherewith it flows ; 
and therefore, putting O and V for the quantity 

HOT • 
and velocity, — j— is as QV j or, becaufe the 

quantity which flows in, is in a raiio compounded 
of the orifice, time, and velocity ; by fubftituting 
O, T, V, which denote the orifice, time, and vclo- 

HOT 
city, in the place of 0% we fhall have x =:OT V* ; 

and ftriking out OT from both fides^ we fliall have 

H yli 

£1 = V* ; confequently, V is as-v/^jj » that is, the 

velocity wherewith the water flows out of the rc- 
fervoir into the pipe, and confequently, the velo^ 
city wherewith it flows out of the pipe, is as the 
fquare root of the height of the water in the refer- 
voir, applied to the fquare root of the length of the 
pipe. 

Hence it follows, that if the length of the pipe 
be varied whilfl: the height of the water in the re- 
fcrvoir continues the fame, the quantities difcharged 
in any given time, will be to one another inverfly 
as the fquare roots of the lengths of the pipe; for 
fince the diameter of the pipe, and the time of the 
flux are given, the quantities difcharged muft be as 
the velocities wherewith they run out, that is, in 
the inverfe ratio of the fquare roots of the lengths 
of the pipe. 

To confirm this by an experiment ; let a pipe of 
1 6 feet in length, and half an inch in diameter, be 
inferred horizontally into the fide of a veflcl ; and 

let 
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let the water in the veffcl be kept conftantly at the 
height of 3 feet above the place of the pipe's in- 
fertion ; the pipe when feta running will difcharge 
above j6ii ounces in half a minute; let it then be 
made fhorter by 1 2 feet, and fet a running again, 
and it will in the fame fpace of time difcharge 321 
ounces, that is, near twice as much as before ; fo 
that the quantities difchargcd will be to one ano- 
ther reciprocally as the fquare roots of the lengths 
of the pipe which in this cafe are as 4 and i. 
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June the 2 ift, 1722, 1 made feveral experimcnrt 
concerning the motion- and difchargc of water thro* 
pipes, in the following manner. 

There was a refervoir of 3' feet in height, which 
was kept conftantly full during the flux of the wa^ 
ter ; at the bottom was infcrted horizontally a pipe 
of half an inch in diameter, whofe length when 
greateft was 100 feet, but being compofed of feve- 
ral pieces, was capable of being made of ten diffe- 
rent lengths •, which lengths were the.fquares of the 
natural numbers. Into this pipe were inferted hori- 
zontally (as occafion was) ten other pipes, each of 
them 6 inches long, and ^ inch in diamqter ; the 
places of their infertion into the main pipe were dif- 
tant from the refervoir the fquares of the natural 
numbers in feet -, the axes of thp fmall pipes made 
an angle of 80 degrees, with that of the main pipe -, 
the reafon why they were inferted in fuch an angle 
was, that it had been obferved that the water flow- 
ed out of orifices made in the main pipe nearly in 
that angle. 

In Tab. I. L denotes the length of the main 
pipe (the fmall pipes not being inferted), Q_ the 
quantity in Irtrf ounces difchargcd in half a mi- 
nute of time, T the time in feconds which the wa- 
ter took to flow from the refervoir to the extremity 
of the pipe, the fame having been firft exhaufted. 

In Tab. II. D denotes the diftance from the re- 
fervoir, at which the fmall pipe was infcrted into 
the m^n pipe ; Q^ the quantity in troy ounces dif- 
charged by the fmall pipe in half a minute of time, 
the main pipe being (topped. 



Table 
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Table III. 




In Tab. III. the numbers at the top denote the 
ten fmall pipes, P the main pipe, and the numbers 
below denote the quantities in /r<?y ounces difchargcd 
in half a minute of time, by the pipes denoted by 
the numbers direftly above them. The blanks de- 
note, that the pipes denoted by the numbers dirc&ly 
above th^m at the top, were ftoprped at the time 
that the others difcharged. 

LECTtJRE 
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LECTURE XV- 
Of Pneumatick-s* 

Lect. T N this lefture I fhall give an account <rf the 
XV, J^ weight and preflbre of the air, and of fome re- 

^■^^^"^ xnarkable efFefts arifing from it. 

Tho' the weight of the air which furrounds us 
is not perceived, by reafon of the equal • prefTure 
which it makes on all parts of our bodies ; yet that 
it is really heavy appears from hence, that veffels 
when exhaufted are lefs ponderous than when filled 

Ixp. I. with air. Thus a glafs bottle, whofe contents are 
Dearly 40 cubick inches, being exhaufted by means 
of the air pump, will be found to fuffer a fenfibk 
lofs of weight ; when I formerly m^de the experi- 
ment, the lofs of weight amounted to ten grains, ^nd 
the magnitude of the exhaufted air I found to be 
34 cubick inches 5 for upon immerfing the bottle 
in water, and opening the valve which covered the 
mouth, the quantity of water which flowed in and 
pofT^fled the place of the exhaufted air, amounted 
to 8628 grains, which being divided by 2153 t» the 
number of grains in a cubick inch of watery give 
34 in the quotient ; fo that from this experiment it 
is manifeft, that 34 cubicks inches of that air, which 
more immediately furrounds us, are equal in weight 
to ten grains ; and that the fpecifick gravity of the 
fame air is to the fpecifick gravity of water, as ten 
to 8628, or, as one to 862^ ; the fpecifick gravi- 
ties of bodies equal in bulk, being to one another 
as the abfolute weights of the bodies. 

As the air rifes above the furface of the earth, it 
g|X)ws rarer, and confequently lighter v a given 
bulk of air, being lighter at the diftanceof a mite 
than at the earth's furfate, and lighter again at the 

diftancc 
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diilance of two miles, and fo on continually. And 
yet nbtwithftanding this diminution of gravity in 
the fuperior parts of air, fo great is the height of the 
atmofphere, as to render the weight of the whole 
very confiderable ; as will appear from the follow- 
ing experiment. 

Let a piece of common glafs be placed as a cover E^cp. ^i 
on tl^e top of the receiver; and upon exhaufting the 
air, the glafs will at firft be prefled clofe to the re- 
ceiver, and at length broken by the weight of the 
air, which refts upon it. 

While the air continues undiminifhed in the re* 
ceiver, it does by virtue of its elafticity prcfi as 
ftrongly againft the lower furface of the glafs, as 
doels the incumbent air by means of its weight upon 
the upper furface*, as (hall be (hewn hereafter; 
CQpfequently, ^s long as the air remains undimi* 
nilhed in the receiver, the weight of the incumbent 
air can have no fenfible effeft on the glafs ; but up- 
on leflening the quantity, and therewith the fpring 
of the included air, the glafs being no longer fup- 
ported from bclo>y, is prefled down, and broken 
by the Weight of the air above ; and for the fame 
reafon, a fquare glafs phial when exhaufted crack* 
and flies to pieces. 

From the weight and preflure of the air on the 
furface of liquors it is, that they are made to rife 
in exhaufted tubes open at one end, as will appear 
from the following experiments. 

Let a glafs veflel with mcfcury be placed under a Exp. 3; 
receiver, and let a tube open at one end be fufpend*- 
c4 above the veflel in fuch a manner, as that the 
open end may at pleafure- be let down into the mer- 
cury 5 if then, the air being drawn out of the re- 
ceiver, the tube be let down, the mercury will not 
rife therein as long as the receiver continues empty ; 
but upon re-admitting the air, it will immediately 
afcend. The reafon of which is, that upon ex- 

Q^ haufting 
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haufting the receiver, the tube is likcwife emptied 
of air; ^nd therefore, when it is immerfed in the 
mercury, and the air re-admitted into the receiver, 
all parts of the mercury are prefled upon by the 
air, except that portion which lies beneath the ori- 
fice of the tube j confequently, it muft rife in the 
tube, and continue fo to do, until the weight of 
the elevated mercury preffcs as forcibly on that por- 
tion which lies beneath the tube, as the weight of 
the air does on every other equal portion without 
the tube. But to proceed to a fecond experiment 
of the fame kind. 
PI. 6* Let two gbfs tubes as A and B, each above 30 

^»g' H* inches long, of which A is open at one end only, 
E^P-4- but B at both, be fo contrived, as by means of 
fcrews to be let into the little glafs veffel CD, ia 
the manner reprefented in the figure. A being fill- 
ed with mercury, and then fcrewed into the veflel, 
let mercury be poured into B, till both that and 
the veffel are full ; let then the veffel be inverted ; 
?!• 6. and let the extremity of B be immerfed in a veffel 
^'ff- 'S* of mercury, the mercury will defcend thro* B, and 
continue fo to do, till A is emptied, as alfo fo much 
of the veffel C D as is above the level of the upper 
orifice of B. This being done, let A be fo far un- 
fcrewed, as to permit the air to pafs between the 
threads of the fcrew into the empty part of the vef- 
fel •, upon the admiffipn of the air, the mercury 
will rife in the tube A. For, from the circum- 
flances of the experiment it is evident, that the part 
of A which ftands above the level of the mercury 
remaining in the veffel, is perfedlly void of air j 
confequently, wbile the mercury all around the 
tube is prefTed by the newly admitted air, that por- 
tion which lies beneath the tube fuffcrs no preflure 
from above; and of courfe muft rife, and continue 
to rife, until the weight of the elevated mercury 
becomes a balance to the preffure of the air without. 

By 
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By the weight and preflure of the air, water is 
i^aifed in common pumps, and fire engines, as will 
appear by confidering their ftruftures^ and the man- 
ner in which they work^ A B reprefents the body 
o£ a pump, which is commonly an hoUow cylinder 
of wood or leadi C a plug fixed near the bottom of 
the pump, with an hole in the middle, covered by 
a leathern v^lve, fo contrived as to open^ and givd 
'Way to the water in pafTing upward^ but to Ihut 
clofe and obftrud the paffage downward ', D a fe- 
cond plug of the fame kind and perforated in likd 
manner with the former. This plug is commonly 
called the fucket' or pifton^ and being moveable, is 
drawn up and thruft down at pleafure, by means 
of the iron rod E to which it is faliened. The fides 
of the fucker are every where cafed with leather^ 
vrhercby it is made to fit the cavity of the pump 
fo exaftly, that neither air nor water can pafs be- 
tween. At fome diftance above the fucker is ari 
orifice as O in the fide of the pump, thro* which 
the water is difcharged at the time of working, in 
the following manner. The fucker being drawn 
i3p, the fpace between that and the lower plug is. 
left void of air 5 then forafmuch as the water, which 
ftands about the pump^ is every where prefled by 
the air, except in that part which anfwcrs to the 
hole of the plug, it mufft there give way, and pafs 
up into the cavity of the pump 5 and upon depref- 
fing the fucker again^ as it cannot return downward 
by reafon of the valve^ which (huts clofe upon the 
hole, and ftops the paflage, it rifes up thro* th^ 
fucker, and lodges itfelf thereon v fo that upon thcf 
next elevation of the fucker, it is carried towards 
the top of the pump, and thrown ou^t at the ori- 
fice O. 

If inftead of an orifice above the fucker, we fup- 
pofeonejuft above the lower plug, with a vajve 
opening outwardly, fo as to fuffer the water to flow 
#uf, but not to return. And if we fuppofe the 
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fucker to be folki without a perforation, the figure 
will reprefent a forcing pump, or fire engine^ in 
which the water rifes above the lower plug in the 
fame manner, and from the fame caufe, that it does 
in a common pump •, and by the preffure made up- 
on it by the fucker when thruft down, it is forced 
out at the orifice, and that fo ftrongly, as by the 
help of leathern pipes to be conveyed to the tops 
of the higheft houfes. 

The air in any particular place docs not always 
continueof the fame weight, but is fometimes hea- 
vier and fometimes lighter j which plainly argues 
a variation in the quantity, inafmuch as the gravity 
of any body is proportional to the quantity of mat- 
ter which it contains. From what caufe this varia- 
tion arifes, is not eafy to determine. Dr. Halley 
is of opinion, that the diminution of the quantity of 
air in any place, is the effedt of two contrary winds 
blowing from that place, whereby the air is carried 
both ways from it ; and of confequence, the in- 
tumbent cylinder of air is diminimed ; as for in- 
ftance, if in the German ocean it (hould blow a gale 
of wefterly wind, and at the fame time an eaftirfy 
wind in the Irift) fea ; or if in France it Ihould blow 
iifoutherfy wind, and in Scotland z nprtbern-, that part 
of the atmofphere which is impchdcht over England 
would, he thinks, be thereby carried off and dimi^ 
mflicd. He likewife conceives, that the increafe of 
the quantity of air in any place, is occafioned by the 
blowing of two contrary winds towajrds that place, 
whereby the air of other places is brought thither 
and accumulated* And upon this foot, he endea- 
vours to account for what is commonly obfervcd in 
■ this part of the world ; namely, that the atmofphere, 
ceteris paribus^ is always heavieft upon zn eajterfy 
or nortb-eajlerly wind. This happens, fays he,, bc- 
caufe, that in the great Ailaniick ocean, on this fide 
the thirty-fifth degree of north latitude,^the wefierhf 
and foutb-'wefterly winds blow almoft always ; fo 

that 
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that whenever the wind comes up here at ^aft or 
xoribreaji^ it is fure to be checked by a contrary gale, 
W foon as it reaches the ocean ; for which reafon, 
the air over us muft needs be heaped up in greater 
abundance, as often as thofe winds blow. To con- 
fir^m this hypothefis of contrary winds being the 
caiufe of the variation in the weight of the air, l>e 
-obferves, that within the Tropicksy where there ar^ 
no contrary currents of air, this variation does not 
obtain ; but that the atmofphere continu^es much in 
the fame ftate of gravity in all kinds of weather. 
Now, whether this, or whatever elfe be the cau(c 
of it, moft certain it is, that the weight of the 
zxr does vary 5 and fo confidcrable is the variation, 
that th^ weight of the air in its heavieft ftate, ex- 
ceeds the weight thereof when it is lighteft, in the 
proportion of almoft ten. to nine. 

The changes which the air undergoes as to its 
gravity, are obferved by means of the Barometer or 
weather-glafs -, which, as it was the invention of 
ToRRiCELHus, is known among the naturalifts 
by the name of the Torricellian tube or injirument. 
It confifts of a fmall glafs-tube, about three fe^t 
long, ctofed at one end, which being filled wiUi 
mercury well purged from air, is inverted into, a 
cylindrical box of timber, wherein fome mercury 
is lodged ; upon the ipverfion fome of the mercury 
falls out, whereby the upper part of the tube is 
left empty whilft the lower part continues full. 
Now, forafmuch as it has appeared from experi^ 
ments, that the fufpenfion of the mercury in the 
tube is owing to the preflure of the ai(; on the ftag- 
nant mercury j the pillar of mercury which is kept 
up in the tube, muft always be equal in weight tp 
-a piHar of the -atmofphere of the fame thicfcnefs ; 
•confequently, as the weight of the atmofphere va- 
ries, the height of the mercury in the barometer 
muft do fo too ; the mefrcury conftantly rifing as 
the weight oitl^t^x increafes, and finking as that 

0.3 l^flens. 



Digitized by VjOOQIC 



236 Of PNEUMATICKS. 

Lect. IcflcDS. That the minute variations in the height of 
XV^ ^ the mercury may be obfcrvcd, that part of the 
' ^~ tube which lies between the limits of the leaft and 
greateft height, to wit, from 28 to 31 inches, b 
graduated \ eaqh inch being divided into ten or 
twelve equal parts by means of a table, whereunto 
the tube is fixed ; whereon likcwife are infcribed in 
their proper places fuch conftitutions of the air and 
weather, as have been obferved to accompany dif- 
ferent heights of the mercury. In contriving this 
inftrument, care muft be taken to make the box, 
which contains the ftagnant mercury, fo large, as 
that upon the rifing or falling of the mercury in the 
tube, the height of that in the box may fufFer little 
or no variation \ for fbould the ftagnant mercury 
fink upon the rifing of the mercury in the tube, or 
rife as that finks, which muft be the cafe where the 
box is fmall ; the rife or fall of the mercury in the 
tube will appear to be lefs than it really is ; as for 
inftance ; if when the mercury rifes half an inch in 
the tube, it does at the fame time fall a quarter in 
the box, the rife in the tube, which appears to be 
only half an inch, is in truth three quarters ; becaufe 
the height of the mercury is always to be computed 
from the furface of that in the bpx. So, on the 
tJthcr hand, if the mercury by falling half an inch 
in the tube rifes a quarter in the box, the true de- 
icent in the tube is three quarters of an inch ; inaf- 
much as the height of the mercury in the tube above 
the furface of the ftagnant mercury in the box, is 
Jefs after the fall by three quarters of an inch. By 
making th« circular area of the box thirty or forty 
times greater than that of the tube, (which is ge- 
nerally the cafe, the tubes of molt barometers be- 
ing but one fifth of an inch wide, and the boxes 
an inch and a quarter) • the ftagnant mercury 
in the box may be kept conftantly at the fame 
height very nearly, the greateft variation of the 
height not amounting to more than the tenth or 
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twelfth part of an inch, which is inconfiderablc. 
If the tube inftead of being continued dircftly 
upward, be bent at the height of 28 inches, in the 
manner here reprefented, it is then called an infleffed 
or diagonal barometer ; in which the inclined part 
A B may conftitute an obtufe angle of any magni- 
tude with the perpendicular part BC ; but the near- 
er the angle approaches to a right one, the longer 
muft the inclined part be -, for it muft be continued 
until the perpendicular altitude thereof AH, above 
the horizontal line H B, becomes equal to three 
inches, which is the difference between the greateft 
and lead height of the mercury in the barometer", 
otherwife, the mercury will not have room to rife to 
its utmoft height, at fuch times as the conftitution 
of the air requires it. This barometer fhews the 
minute variations in the weight of the air much 
more accurately than the former; becaufe the rife 
or fall of the mercury in the inclined part AB is 
very fenfible, when an alteration in the perpendicu- 
lar height is fcarcely to be perceived. But then the 
box which contains the ftagnant mercury, ought to 
be much larger in proportion in this than in the 
former ; becaufe in this, a much larger quantity of 
mercury rifes into, and falls out of the tube, upon 
the changes of the weather. 
' If the lower part of the tube in the firft barome- 
ter, inftead of being infcrted into a box, be turned 
. up in the form of a crook, it is then called a curved 
harometery in which the crooked part generally ter- 
minates in a large bubble open at top. The bubble PI. 7. 
contains the ftagnant mercury, which, as it is pref- ^^g- ♦• 
fed upon more or lefs by the incumbent air, is forced 
up to a greater or fmaller height in the ftrait part 
of the tube. In this barometer the bubble ought 
to be fo large in proportion to the tube, as that 
upon the greateft variation of the height of the 
mercury in the tube, the height thereof in the bub- 
ble may not vary above one tenth of an inch ; the 

0^4 neccffity 



Digitized by VjOOQIC 




Of PNEUM ATICKS. 

ncccflity there is for this, is evident from what was 
fard concerning the magnitude of the box in die 
firft kind of barometer. 

Befides the barometers hitherto mentioned, theit 
is the wheels as alfo the pendant or conical^ harometer^ 
and others of various kinds ; which, however they 
may differ as to their ftruftures, do all agree in 
(hewing the changes in the weight of the air, by 
the rifmg and falling of the mercury in their tubes; 
wherein it fometimes, tho* very rarely, defcends 
as low as twenty eight mches ; and at others rifes 
to thirty one -, the mean height thereof being twenty 
nine inches and an half. So that a pillar of die at- 
fmophere, in the mean ftate of its gravity, is equal 
in a weight to a pillar of mercury of thefame thick- 
nefs, and whofe altitude is twenty nine inches and 
an half. Whence it follows, that an inch fquare of 
the earth's furface, or of any other body contiguous 
thereto, fuftains a preffure from the incumbent at- 
mophcre, when in the mean ftate of its gravity, 
equal to fcventeen pounds, eight ounces, and 374 
grains \ that being the weight of a fquare pillar 
of mercury one inch thick, and twenty nine and 
an half high. 

From this great preffure of the air it is, that two 
brazen hemifpheres, whofe diameter is three inches 
and an half, being laid one upon another, and then 
exhaufted, cling fo faft together, as to require above 
150 pounds to feparate and draw them afunder. 
And it muft be oblcrved, that as the globe in this 
experiment cannot be perfedlly cxhaufted, that 
fmall portion of air which remains within, by ex- 
panding itfelf, contributes to the reparation of the 
hemifpheres •, for which reafon, they are drawn 
afunder by a lefs weight than that wherewith the air 
preffes them together \ for the diameter of the fphere 
being three inches and an half, the area of its 
greateft circle is nine fquare inches and three fifths 
nearly, conlcquently> the weight of that pillar of 

air 
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mir which preflfes the hemifpheres together, is not 
Icfs than 162 pounds, even in its Tighteft 'ftatc, 
when the mercury in the barometer ftands at the 
height of 28 inches only.. If the globe, after it 
has been exhaufted, be hung within a receiver, up- 
on drawing the air out of the receive**,, the lower 
hem ifphere win fall off from the other; which 
plainly fhews, that their cohefion is owing to no- 
thing clfe but the weight and prrdTure of the air 
upon them. 

Since the atmofphcre even in its lighted ftate is 
fo ponderous, as that a fquare pillar of it orie inch 
thick weighs fixteen pounds, nine ounces, and 461 
graifts ; it follows, thdt a. middle-fizcd man, the 
furface of whofe body is generally allowed to con- 
tain about fifteen fquare feet, fuftains a preflure from 
the atmofphere, when in its lighteft ftate, equal to 
the weight of 31 144 pounds; which preflure on 
larger bodies, and in heavier ftates of the air, is ftill 
greater ; and therefore it may Well be aflced, how 
it comes to pafs, that we are not fenfible of this 
prefTure great as it is. In anfwer to which it mufl: 
be obferved, that fuch .preiTures only are perceived 
by us, as do in fome meafure move our fibres, and 
put them out of their natural fituation. Now, the 
preflTure of the air being equal on all parts of the 
body^ cannot poflibly move the fibres of any one 
^art, or force them from their fituation ; but on 
the contrary, muft by reafon of its uniformity 
icep all the fibres in their proper places, and as fo 
doing, cannot be perceived. And that this is the 
cafe is evident froni hence, that if the preflure of the 
air be taken oflT from one part of the body, the 
jpreffure on the neighbouring parts immediately be- 
comes fenfible. Thus, if a man covers the top of 
an c^en receiver with his hand, upon exhaufting 
.the receiver, and thereby taking off the preflTure of 
the air from the palm of the hand, he will perceive 

a weight 
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a weight on the back of hb hand, and that fe great 
at to put him to paio» and almoft endanger the 
breaking of his hand. 



LECTURE XVI. 
Or Pneumaticks, 




B 



Y the elafticity of the air, whereof I intend 

to treat in this lefture, we are to underftand 

that force wherewith the particles of air expand 
themfelves, and recede fi-om each other, whenever 
the preffure from without, which keeps them to- 
gether, is taken off. The method which I fhall 
obferve in treating of this force is, Firft, to (hew 
from experiments, that the air is really indued with 
fuch a force •, and. Secondly, to enquire into its na- 
ture and laws. 
Exp. I. As to the firft, if a little warmed ale, or any 
other liquor fomewhat glutinous, be put intoaglafs 
and included in a receiver, upon exhaufting the re- 
ceiver the liquor will rife in large frothy bubbles, 
and run over the glafs. 

As the liquor is glutinous, it retains a great num- 
ber of airy particles, which upon the removal of the 
outward air, and therewith the preffure which it 
makes on the liquor, dilate and expand themfelves ; 
and forafmuch as they cannot readily extricate 
themfelves from the liquor by reafon of its clam- 
niinefs, they raife it up, and carry it over in the form 
of froth. And for the fame reafon it feems to be, 
that meath, cyder, and moft other domeftick wines, 
after they have been bottled a while, upon drawing 
the cork, fpurt out and fly. For as they are all in 
fomc meafure glutinous, they retain a good quan- 
tity of air i which upon corking, the bottle is con- 
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dcrifed by reafon of the condcnfation of the air 
Mrhich is lodged in the neck of the bottle ; befides, 
by the flight fermentation which fuch liquors com- 
monly undergo in the bottle, a frefh fupply of air 
is generated, equal in denfity to the former. When 
therefore upon drawing the cork, the extraordinary 
prcflure arifing from the condenfed air in the neck 
of the bottle is taken off, the air which is difperfed 
thro' the liquor expands itfelf with great force, 
and not finding a ready paffage between the parts 
of the liquor, which by reafon of their clamminefs 
do not eafily feparate, drives the liquor before it 
in the manner of a fpout. But to proceed : 

The expanfive force of the air is likewife evident 
from the following experiment. Let a glafs bottle Exp« ?• 
of a globular form, and containing a fmali quan- 
tity of water, have a fmall glafs tube open at both 
ends, inferted into it fo far, as that the lower end 
may be below the furface of the water ; and let the 
infer tion be made by means of a fcrew and a collar 
of leathers, in fuch a manner as that no air may 
pafs into or out of the bottle ; let then the whole 
apparatus be placed under a tall receiver, and upon 
cxhaufting the air out of the receiver, the water will 
rife up thro- the tube in the form of a jet, which 
will be higher or lower in proportion as the receiver 
is more or lefs exhaufted •, the reafon of which is, 
that the air included in the bottle, by endeavouring 
to expand itfelf, preflcs upon the furface of the 
water, which therefore muft rife in the tube, as foon 
as the preflure of the outward air which ketjps it 
down IS leflfened ; and the greater the diminution 
of that external preflure is* the higher the water 
muft be thrown. 

If a bladder wherein a fmall quantity of air is Bxpr. 3, 
included, be placed under a receiver, upon drawing 
the air out of the receiver, the bladder will fwell, 
and the fwelling will be greater or lefs in propor- 
tion as the receiver is more or le|3 emptied ; which 

plainly 
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pkkdjr argues an ezpanfivc force in the included 
air ; as does likewife the burfting of a fufl blowa 
Madder in an exliaufted receiver; as alfo the 
cracking of a fquare glafs phial when ck>fe flop- 
ped. 

If a fmaU (iphon, having a weight fafiiened from 
the hand of the pifton, and being clofed at the 
<end fo as that upon drawing up the pifton «e air 
can get in, be fufpended in an inveroed pofifiion 
with the weight downward^ and then covered wirfi 
a receiver; upon drawing part of the air out of the 
treceiver, the ^veight will defcend, and draw down 
the pifton i and upon the re-admiflion of the air it 
iwin rife agaid. 

When part of the air is drawn out of the recei- 
ver, that portion which remains within expands if 
rfelf, whereby its fprin^ is fo far weakened, as not to 
te able to Hand againft and fupport the weight, for 
which reafon the weight defcends ; whereas, upon 
the return of the air which was carried off, the -elaf- 
^ick force isfo far increafed, as to become an over* 
'balance for the weight, and upon that account 
•drives it up. 

From this and the foregoing experiments it fulljr 
•appears, that the air is endued with an expanfive 
force. Whence that force arifes, and what the law 
of its a£tion is, comes now to be confidered. 

The niaturalifts were formerly of opinion, ^that 
the elafticity of the air was owing to the ihape and 
figure of its parts ; for they fuppofed each partick 
of air to confift of feveral branches, which being 
of a pliable nature, were capable of being cbmprdt 
ied and fquee^ed together by any outward force, and 
of expanding arwi fpreading themfelves abroad upon 
the removal ©f the eompreffing fprce ; and this 
has been thought by fome to be a full and fatisfac- 
lory account. But that great philofopher Sir Isaac 
-Newton was of ©pinion, that thcrexpanfive force 
^ftbe air is altogether inexplicable on the foot of 

this, 
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l^if, or indeed any other hypothefis, except that 
of the air's being endued with a repelling power, 
whereby the particles recede and fly from each, 
other. His words are thefc : 

" That there is a repulfive virtue, feems alfo to 
*' follow from the produftion of air and vapour 
** The particles when fhaken off from bodies by 
^^ heat or fermentation, ib foon as they are beyond 
** the reach of the attraftion of the body, recede 
*' ing from it, and alfo from one another with 
*' great ftrength, and keeping at a dlftance, fo as 
*' fonfietinoes to take up above a million of times 
•* niore fpace than they did before in the form of 
" a denfe body ; which vaft contraftion and expan* 
** fion fccms unintelligible, , by feigning the parti- 
" cles of air to be fpringy and ramous, or, rolled 
*' up like hoops, or by any other means than a re- 
?• pulfive power." 

Now, fuppofing this to be the cafe, and that the 
repelling power of each particle exerts itfclf on the 
next adjacent particles only, as Sir Isaac feemed 
to imagine, I (ball (hew you what the law of thisf 
repelling power is,, or, in other words, how this 
power is varied, by varying the diftance o^ the par- 
ticles ; and in order thereto, (hall lay down the 
following Proposition. 

Prop. If a fiuid be compofed 6f particles endued 
with a repulfive power ^ fo as that each particle repels 
thcfe^ and tbofe only^ which are ne^ct it, and if the 
force wherewith twor adjacent particles repel each other,^ 
be in a given reciprocal ratio of the interval of their 
.centers ; that is^ putting \for the interval of the cen- 
ters^ and V for the. index of thit given power of that 
interval ; / fay^ if two adjacent particles repel each 

tithe f with J force that is asL^ the force which com- 

f 
priffes shefimd^ is as the cubick rooi of that $$wfr of 

the 



Digitized by VaOOQlC 




OFPNEUMATICKSi 

the denfity of the fluids wbefe index is P increafed fy 

i, i?r P 4- 2 ; ii>^^ iSj putting F for the comprejftng 

force^ and D for the denfity of the fluids F is asD 

P + a 
raffed up to the power wbcfe index is ■ \ 

Exp. 7. For the proof of this, let a portion of the fluid 
bt contained in a given cubick fpace, whofe upper 
PL 7. furface is denoted by the fquare ABCG, the corn- 
Fig. 5^ preffing force being applied to that furface. 

The elaftick force of the fluid, which withftands 
the comprefling force, and is exadlly equal thereto, 
is the force of thofe parts only which compofc the 
upper furface -, becaufe the repelling forces of thd 
particles are fuppofed to exert themfclves on thofe 
particles only which lie next them, and not to ex- 
tend to particles more remote. But the force of 
the fuperficial parts is as the number of particles in 
the furface, and the force wherewith any two adja- 
cent particles repel each oth^r conjointly. Now, the 
number of particles in the given fquare furface, is 
reciprocally as the fquare of the diftance of the 

centers of two adjacent parts 5 that is, as ~ ; and 
by fuppofition, the force wherewith two parti- 
cles repel each other, is as — ; and therefore, the 

elaftick force of the fluids and of confcquence the 
* comprefllve force, or F, is as .^^. The denfity 

of the fluid contained in the giveri cubical fpace, is 
inverfly as the cube of the diftance between die 

centers of the particles ; that is, D is as p, and I 
is as i^Y > ^"d therefore^ by fubftitpting -— in the 

P+2 

room of U F i$ as D — ~ •, that is, the compref* 
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five force is as the cube root of that power of the 
denfity of the fluid, whofe index is P + 2'. 

CoROL. From this propofition it follows, that 
if the denfity of an elaftick fluid be as the force 
which comprefles it, the particles repel one another 
with forces that are inverfly as the difl:ances of their 
centers. 

P + 2 . 

For fince F is as D, is equal to unity, and 

fo likewife is P 5 confequently, the P power of I, 
whofe reciprocal expreflfes the rcpulfive force of the 
particles, is equal to I. 

Hence the particles of air mud repel one another 
with forces reciprocally proportional to the diftanccs 
of their centers, becaufe the denfity of the air is 
proportional to the force which comprefles it j as 
will appear from the following experiment- 
Let an inflexed tube as AB, open at both ends, ^^-' *• 
be filled up with mercury to fome fmall height, 
fuppofe D C ; then fl:opping the end B, fo as that ^!* 7 
the air may not get out when it is comprefled, and *^* ' 
meafuring the length of BC, that part of the (hort- 
er leg that is filled with air, which air, it is evident^ 
is compreflTed by the weight of the atmofphere ; 
let mercury be poured in at A, till the height there- 
of in the longer leg above the height of the fame in 
the (horter, becomes equal to the height at which 
it ftands in the barometer, by which means the air 
in the fliorter leg will be compreflTed by twice the 
weight of the atmofphere ; let then the length of 
that part of the leg which is poflTeflTed by the air un- 
der this double preflTure be meafurcd, and it will be 
found to bejuftone half of BC 5 whence it appears, 
that the fpaces which a given quantity of air pof- 
fcflcs under diflferent prefllires, are reciprocally pro- 
portional to the prcflTures ; and confequently, inaf- 
much as the denfities of bodies where the quantity 
of matter is given are reciprocally as their magni- 
tudes. 
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tudes, the dcnfity of tKe air is dircftly as the com- 
prcfling force. From this property of the air, Cotes 
has dcciuced a methpd for determining the denfitjr 
thereof at any height % what he has- delivered con- 
. ccrning this matter, is contained in the 5th chapter 
of his Harmonia Menfurarum^ which I fhall endea- 
vour to explain to you ; and in order thereto, fhall 
lay before you fuch properties of the logarithmick 
curve, as I (hall have occafion to make ufe of, refer- 
ring you for their demonftrations to the forementi- 
oned author, and others who have wrote of that 
Ph 7- curve. Let then BDGI be a logarithmick curve^ 
'ig. 7» ^fj i|;s afymptot, that is, a right line fo fituated 
with refped to the curve, as hot to meet it till it is 
drawn to an infinite, or rather indefinite length, 
B A, DC, and G F, ordinatcs, that is, right lines 
perpendicular to the afymptot at the points A, C, 
and F, and terminating in the curve. B C a tan? 
gent to the curve at the point B, The properties 
of this curve, which I fhall have occafion to men- 
tion, are thefe four. 

Firft, Any portion of the afymptot intercepted 
between two ordipates, is the logarithm or meafure 
of the ratio which tbofe ordinates bear one to the 
other ; thus A C me^fures the ratio of B A to DC ; 
and C F meafures the ratio of D C to G F ; and 
fo likewife A F meafures the ratio of B A to G F. 
• And if A C, A F> and A H be in arithmetick pro- 
portion, then D C, G F, and I H are in geometrick 
proportion ; and if any portion of the afymptot 
be a given quantity, then is the . ratio of the two 
ordinatcs, which intercept that portion, likewife 
given. 

Secondly, That portion of the afymptot as AC, 
H^vhich is intercepted between a tangent and an or- 
dinate, drawn to the fame poinp of the curve as B, 
is a given quantity, or, in other words, to what- 
ever point of the curve the tangent and ordinate arc 

drawn, 
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drawD, the portion of the afymptot which they in- 
tercept is always of one and the fame length. The 
portion fo intercepted is called tht fubtajigent:, and it 
is the module, or that which regulates the magni- 
tudes of all the logarithms in the fame fyftem ; for 
they arc greater or lefs in proportion to the magni- 
tude of the fubtangenc; fo that if in two ,logarith- 
mick curves, the fubtangent of one be double or 
triple the fubtangent of the other, the meafures of 
the fame ratios are likewife twice or thrice as great 
in the former as they are in the latter. 

Thirdly, The indefinite areas comprehended be- 
tween the curve and the afymptot, drawn on to an 
indefiinite length beyond H I, are to one another 
as the ordinates which bound them in their wideft 
parts ; thus, the indefinite areas B A H I, D C H I, 
and G F H I, are to one another as the ordinates 
BA, DC, andGF. 

Fourthly, The indefinite area B A H Ij is equal 
to the parallelogram BACE, comprehended under 
the ordinate B A, and the fubtangent A C. 

Thefe things being premifed, let A B reprefent 
the earth's furface, and let A Hbe a line perpendi- ' 
cular thereto V then, forafmuch as the denfities of 
the air at different heights, are as the preflures of 
the incumbent atmofphere, and the ordinates in the 
curve, as the indefinite areas which lie beyond 
them ; if the indefinite area BAHl be made to de- 
note the weight or preflure of all the air, and A B 
its denfity at the furface of the earth, then, by the 
third property of the curve, the indefinite area 
DC HI will denote the weight or preflure of all 
the air which lies above C, and the crdinate DC 
will denote the denfity of the air at that height; 
and thus it is with regard to any other height, fo 
that at all heights, the denfities of the air will be 
denoted by the refpeftive ordinates -, wherefore, by 
the firft property of the curve, the difference ber 

R twcen 
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twcen any two heights, is the meafure of the ralii 
which the denfities of the air bear to one another 
at thofc heights ; thus C F meafures the proportion 
which the air's denfity at the height C bears to its 
dcnfity at the height F. Let us now fuppole the 
force of gravity to ccafe, and that the air is fo 
€ompreflcd by fome external force, as to be every 
where from top to bottom of the fame denfity, as 
\t is at the furface of the earth ; its weight or pref- 
fure, which before was denoted by the indefinite 
area B A H I, may now be denoted by the paralle- 
logram B A C E, inafmuch as by the fourth pro- 
perty of the curve, thzt area and this parallelogram 
are equal. Since then two fluids which balance 
each other muft have their heights inverfly as their 
fpecifick gravities, if we put unity to denote the 
fpecifick gravity of the air at the furface of the 
earth, and fay, as unity to i'i890, which is the 
fpecifick gravity of mercury with refpedt to that 
of air, fo is 2^ feet, which is the height of the 
mercury in the barometer, to a fourth number, we 
fhall have ^9725 feet for the height of the homo- 
geneal atmofphere ; and this height is equal to the 
fubtangent AC. For fince the preflure of this 
homogeneal atmofphere is as its denfity into its 
height, and likewife as the redtangle B A C E ; and 
fince the denfity is denoted by B A, the height 
muft be denoted by A C the module in this fyftcm 
of logarithms. Hence we have a method for de- 
termining the denfity of the air at any height; for 
putting H to denote the height at which the den- 
fity of the air is required, by the fecond property 
of the curve, we have this analogy, as the integral 
number marked Aj^which is the module of this 
fyftem, is to the fradional number marked R 
which is the module of Briggs's fyftem, fo is H 
expreflTed in feet, to a fourth number, which in 
Briggs's tables is the logarithm of ihc ratio of 
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^he denficy of the air at the earth's furface, to its 
denfity at the height ,H, anfwerable to which in 
the tables is the natural number exprcfling that 
ratio. 

A B 

^972 5 : 0.43429448 : : H : -'^ ':- • 

B C . D 

26400 X 0.43429448 o >rr 

_± ^^^7 ^^ = 0.385661. 1-4305- 

29725 

Thus, for ihftance, if the denfity of the air at 
the height of five miles, or 26400 feet, be required, 
by multiplying that number by thefraftional^num- 
ber marked B, and dividing the produft by the 
integral number marked A, we fhall have the lo- 
garithm marked C \ anfwerable to which in the 
tables is the natural number marked D, exprefling 
the ratio of the air's denfity at the furface of the 
earth, to its denfity. at the height of five rhiles; 
whence it appears, that at the furface of the earth, 
the air is denfer than it is at the height of five miles, 
1.1 the proportion of almoft 24- to one; but then, 
this is on tippofition that the force of gravity con- 
tinues the fame at all heiglus, whereas in truth, 
that force decreafes -in the recefs from the earth's 
center in the duplicate ratio of the diftance, which 
caufes the denfities of the air at different heiohts to 
be fomewhat different from v/hat they would be in 
cafe the force of gravity did not vary. 

In order therefore to determine the denfities more 
accurately, let S be the earth's center, and A B, Pj- 7- 
equal to A B in the laft figure, the earth's furface, ^^2* ^ 
and letF be the height at which the denfity of the 
air is required ; let SK be a third proportional to . 
SF.and S A, and at the point K, let the ordinate 
K 2 KG 
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K G be drawn, denoting the dcnfi y of the air at F, 
then taking the point M at an indefinitely fmall dif- 
tance above F, let SL be a third proportional to S M 
and S A ; and at the point L, let the ordinate LN 
be drawn, denoting the denfity of the air at M ; this 
being done, it will appear, that the curve B G N, 
which paffeth thro' the points G and N, is the fame 
logarithmick curve with the former, but in an in- 
verted pofition. For fince SL is to SA, as SA to 
S M, and fince S K is to the fame S A, as S A to 
S F, then by equality of ratio^ S L is to SK, as SF 
to SM, and by divifion and permucation, KL is 
to F M, as S K to S M ; or becaufe F M is indefi- 
nitely fmall, as S K to S F ; that is, as S A'* to S F^ ; 
whence reducing that analogy into an equation, and 

dividing by S FS we ftiall havd KL = ^^^9 

and rejefling S A**, as being a given quantity, we 
fliall have K L as F M direftly, and S F^ inverfly ; 
but F M is as the quantity of air in the indefinitely 
little fpace FM, and SF*^ inverfly is as the gravita- 
tion of the fame air, and KG is as its denfity ; con- 
fequently, the reftangle under KL and KG, or the 
area K G N L, is as the gravitation, the quantity, 
>and denfity of that air conjointly, that is, as its pref- 
fure on the air beneath it \ and the fum of all the 
fimilar areas below KG, is as the fum of all the 
preflfures above F, that is, as the denfity of the air 
at F, or as K G, which denotes that denfity ; and 
KGNL, which is the difirrence of the two fums of 
all the fimilar areas^ one of which fums begins from 
the point K, and the other from the point L, is as 
the difference of the air's denfities at F and M, that 
is,' as KG — LN. Let now KL be given ; that is 
to fay, let the fmall portion intercepted between 
KG and LN be always of one and the fame length, 
in whatever parts of the line A S the points K and 
Larc uken ; then K G will be as the area KGNL^ 

and 
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and confequently, as KG — LN ; whence by divl- 
fion, K G will be as L N, fo that the ratio of K G 
to L N is given, and of courfe the given line K L 
will be the meafure of that given ratio ; whence 
by the firft property of the logarithmick curve, the 
curve which pafTeth thro' the points G and N is a 
logarithmick curve ; and it is alfo the fame with the 
former ; for taking A O the height above the earth's 
furface indefinitely fmall, it is evident, that the 
force of gravity is the fame at O that it is at A, 
confequently, the denfity of the air at O will come 
out the fam?, whether the law of gravity be taken 
into the confideration or left out ; let then the or- 
dinate O P be drawn in the former curve, and at the 
fame diftance from A in the latter curve. Jet the 
ordinate PQ^be drawn. Now, fince one and the 
fame denfity of the air at the earth's furface is denoted 
in both curves by the equal ordinates BA, it is evi- 
dent, that the ordinates OP and PQ, which in the 
two curves denote one and the fame denfity at O, 
mud likewife be equal ; whence it follows, thac 
both curves have the fanle curvature, as alfo the 
fame inclination of their tangents at the points B, 
and their fubtangents equal ; that is, the latter curve 
is the fame with the former, but in an inverted po- 
fition. Now, forafmuch as B A in the latter cufvq 
denotes the denfity of the air at the furface of the 
earth, and KG its denfity at F, it is evident by the 
firft property of the curve, that in this fyftem, AK 
is the meafure of the ratio which the denfity at the 
furface has to the denfity at F •, the firft thing there- 
fore which muft be done, in order to difcovcr the 
denfity at F, is to find out the line A K, and this 
is done by diminilhing A F in the fame proportion 
that the earth's femidiameter S A is lefs than SF, the 
diftance of F from the earth's center ; for by the 
conftruftion, S F is to S A, as S A to S K ; whence 
by divifion, SF:SA::AF:AK. AK being 
thus" obtained, let it be called H \ then, by the fame 

R J prpccf* 
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Lect. procefs as before, wc may difcover the dcnfity of 
XVI. the air at the height F. 

E feet. 

4000x5 ^ ^ 

4005 : 4000 : : 5 : -^^ = 4-99375 = ^6367. 

E F G , 

—^^ — j^' ^^ 3= 0.385232. 2.4279. 

29725 
For inftance, if the denfity of the air at the 
height of five miles be required as before ; then 
by faying, as 4005 miles, that is SF, is to 4000 
miles, that is S A, fo is five miles, that is A F, to a 
fourth, we fhall have the number marked E, ex- 
prefTjng miles, and parts of a mile, equal to 26367 
feet, which being multiplied by the fraftional num- 
ber marked B, and the produft divided by the in- 
tegral number marked A, we (hall have the frafti- 
onal number of Briggs's tables marked F, anfwer- 
able to which is the natural number marked G, ex- 
preffing the ratio of the air^s denfity at the furfacc 
of the earth, to its denfity at the height of five 
miles. After the fame manner may the ratio of 
the air*s denfity at the furface, to its denfity at any 
height be computed. The refult of fuch compu-r 
tations I have fct down in the annexed table -, the 
firfl: column of which contains the heights of the 
air in EfJgHJh miles, whereof 4000 make a femi* 
diameter of the earth. The numbers in the fecond 
column exprefs the ratio of^the air's denfity at the 
furface, to its denfity at the refpedive heights, and 
they likewife denote the rarity or expanfion of the 
air at thofe heights. The third column contains 
the dcnfities and comprefllons at the feveral heights. 
The numbers at the bottom of the fecond columa 
included in crotchets denote, that fo many figures 
are to be annexed to the five preceding, and thofe 
included in the crotchets at the bottom of the third 

column 
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column denote, that fo many decimal cyphers arc 
to be prefixed to the five following fip;ures. 



Heights of the 
air in Eng- 
lijh miles. 



Rarity and expan- 
fion. 



■ T 
I 

It 

It 

2 

2t 

2i 

il 

3 

3t 
3i 
3^ 
4 
4t 
44- 
- 4l 
5 

lO 
20 
30 
40 

50 
100 

400 

4DOO 

40000 

400000 

1000000 

Infinite. 



Compreflion and 
denfity. 



1.0454 

1.0928 

' — 1.1424 

'■ 1. 1943 

1.2429 

— - — ^'iosi 

— 1.3644 

1.4263 

1.4871 

1.5586 

1.6292 

1.7031 

1.7883 

1.8596 

1.9460 

2.0336 

2,1257 

2.2221 

2.3226 

2.4279 

5.9182 

34.288 

-— 198.34— 

1136. — 

6449.2 

33584C3] 

II271I24] — 

19316LI503 — 

330971276] — 
32859L301I — 
12002. 

373 J I 



0.95676 
0.91509 

0.87535 
0.85405 
0.80456 
0.76616 
0.73290 
0.76118 
0.67244 
0.64160 
0.61379 
0.58716 

o.559'9 . 

0.51387 
0.49173 

0.47043 

0.45002 

0.43012 

0.41187 

0,16897 

0.029164 

0.0050418 

0.00088028 

0.00015505 

o. (7J26798 

o. [28I88723 

o.[i54l5'770 
o.[28o]302i4 

-_ - o-[ 305 J30433 

.303 J— o.[ 307)45450 

3041. — I o.[3o83->68o2 



Lect. 
XVI. 



R 4 
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CoROL. Since S F is by conftnidion equal ta 

SA 

^-j^, and fince from the nature cf mufical propor- 
tion, the quotients arifing from the diviGon of one 
and the fame quantity by quantities in arithmetick 
progrcffion, conftitute a feries of muGcal propor- 
tionals, it follows, that if fcveral diftances from 
the earth's center as SF, be taken, in mufical pro- 
greflion, their reciprocals as S K, muft be in arith- 
metick progrefTion ; and by the firft property of the 
logarithmick curve, the denfuies of the air as KG, 
muft be in geometrick progrcfiion. 

Since the denfity of the air is proportional to 
the comprefling force, an4 fince the comprefling 
force is equal to the elaftick force, it is manifeft, 
that if the denfity of the air be increafed, the elaf- 
ticity will likewife increafe in the fame proportion; 
and on this principle are founded artificial fountains, 
which play by means of condenfcd air ; they are of 
PI. 7- two kinds, fingle and double. The fingle foun* 
^^2' 9- tain is made of brafs, and is every where fhut, ex- 
cepting that thro* the middle of the bafon BB, 
there pafTes down a pipe PP, whofe lower end 
reaches nearly to the bottom of the fountain, and 
to the upper end is fitted a ftopcockj by help of 
which the pipe may be fhut or opened at plea- 
fure. 
Exp. 8. Some part of the fountain as ADC, being filled 

. with water poured in thro' the pipe, a condenfing 
or forcing fyphon is fcrewed to the top of the pipe 
above the cock, by means whereof a great quantity 
of air i^ thrown into the pipe -, which as it cannot 
return back, by reafon of a valve which (huts clofe 
upon the hole of the fyphon, forces its way thro* 
the water into the upper part of the fountain, and 
there remains in a ftate of condenfation, greater than 
that of the outward air. When therefore the con- 
denfer is taken off, and the cock opened, the in- 
cluded air preffing ftrongly on the water which lies 

beneath 
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teneath it, throws it up thro' the pipe, and thereby 
makes a jet. 

The force wherewith the water is thrown up, is 
proportional to, and may be exprefled by the cxcefs 
of the depfity of the included air above that of the 
external air. For if the included air be equally denfc 
with that without, its elaftick force muft be equal 
to the compreflive force of the atmofphere -, cpnfe- 
quently thofe two forces will balance' one another, 
and the water will continue at reft, being prefled as 
ftrongly downward by the weight of the external 
air, as it is upward by the expanfive force of the 
included air*, but if the included air be more denfc 
than the external, its elaftick force will exceed thrf 
compreflive force of the atmofphere, in the fame 
proportion that its denfity exceeds the denfity of the 
outward air ; confcquently, that part of the expan- 
five force of the included air which raifes the water, 
is proportional to, and may be exprefled by, the 
excefs of the denfity of the included air above that 
of the external air. So that putting F for the force 
which raifes the water, for the denfity of the in- 
cluded air, and i for the denfity of the air without, 
F is as D -^ I . 

The height in feet to which the water rifes, fet- 
ting afide all impediments, is equal to the produft 
arifing from the multiplication of 33 into the ex- 
cefe of the denfity of the included air above that 
of the outward air-, that is, putting H for the 
height of the jet, and x for 33, H = x D — x. 

For as water which is driven out of a refervoir by 
the preflure of the incumbent water, if it fpouts di- 
redlly upward, rifes to the fame height with the wa- 
ter in the refervoir-, fo if it be driven by any other 
force, it muft rife to an equal height with a pillar 
of water v/hofe preflure is equal to that of the driv- 
ing force -, forafmuch therefore as the atmofphere 
make$ an equal preflure with a height of water of 

3J feet. 
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33 feet, the water will be thrown to the height of 
33 feet by the compreffive force of the atmo* 
Iphere ; wherefore if we put i for the preffureof the 
atmofphere, and fay, as one is to 33 or x, fc *: 
D — I, which exprefles that part of the preflbre of 
the included air which drives out the water, to a 
fou rth prop oriional, we (hall have x D -~ x, or 

X X D — I, for the height to which the water is 
^ thrown ; whence it appears, that if D — i ht equal 
to unity, which is the cafe when the air within is 
as? denfe again as that wirhour, the water will rife 
to the height of 33 feet; and if D — 1 be equal 
to 2, which is the cafe when the included air is 
thrice as denfe as the external, the height of the 
jet will be 66 feet, and fo on. 

The double fountain confifts of two fingle foun- 
tains, whofe bottoms are faftened to an hollow braft 
cylinder, one at each end, in the manner reprefent- 
Pl. 7. ed in the figure, wherein A A and B B denote the 
Fig. 10. two fountains with their bafons 5 CC the hollow 
cylinder, which plays upon the pins D D as' upon 
an axle ; each has a pipe as P, whofe lower end 
reaches nearly to the bottom of the fountain. From 
the bafon of the fountain AA, there iflues another 
pipe as T, which pafling thro' A A, and likewife 
' the hollow cylinder C C, without communicating 
with either, opens at E into the fountain BB. And in 
like manner, fuch another pipe ifluing from the ba- 
fon of BB, and pafling thro' that fountain and the 
cylinder, opens into the fountain AA. The hol^ 
Exp* 9. low cylinder being placed in an upright poftprc by 
means of the carriage which fupports it, and the 
pipes of the lower fountain being flopped, water is 
conveyed into it thro' the pipe T, which iflues 
from the bafon of the upper fountain •, by the run- 
ning in of the water, the air contained in the lower 
founrj^in is crowded into a fmallcr fpace, and there- 
by condenfed •, if then both t{ie pipes of the upper 

fountain 
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fountain be ftoppcd, and the lower fountain be 

brought into the place of the upper, by turning the 

cylinder on its pins the water which it contains will 

fall to its bottom, and the lower end of the pipe P 

will be immerfed therein, in the manner reprfefent- 

cd in the upper fountain ; fo that upon opening 

that pipe, the warer will be driven thro' it by the 

cxpanfive force of the condenfcd air j and as it falls 

into the bafon, it will be conveyed thence by the 

pipe T into the lower fountain ; and when the up-^ 

per is exh^uftfd and ceafes to play, then flopping 

its pipes, i?nd changing the places of the fountain3 

as before, the other may be let a going in the fame 

manner. 



LECTURE XVII. 
Of Sounds. 

IN this lefture I Ihall firft explain to you the Lect. 
NATURE OF Sounds, and then treat of the XVII. 

VIBRATIONS OF MuSICAL StRINGS. ^"^ ' V *— ^ 

That Sounds have a neceflary dependance on 
the air, will appear from the following experi- 
ment. 

Let a bell be placed under a receiver in fuch a Exp. i- 
manner as that it may be rung at plcafure ; and up^- 
on drawing the air out of the receiver, the found of 
the bell will grow lefs and lefs audible in propor- 
tion CO the degrees of exhauftion, fo as at laft al- 
mofl: to die away, and fcarcely to be heard at all ; 
and upon re-admitting the air, the found will re- 
vive again, and increal'e in proportion to the quan- 
tity of air that is taken in. 

As this experiment proves the air to be neceflary 
to the produftion of founds, fo the tremblings 
which great guns, bells, drums, and many other 
founding bodies communicate, by means of the 

interrae- 
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intermediate air, to fucb bodies as are near them,^ 
plainly (hev> that founds depend on tremulous mo- 
tions of the air ; which therefore I Ihall endeavour 
to explain to you, together with the caufe and man- 
ner of their produftion. When the parts of a bell, 
a mufical firing, or any other elaftick body are fet 
in motion by ' a ftroke, they vibrate, that is, they 
go forward and return backward alternately thro* 
very ftiort fpaces -, in going forwaVd they propel, 
and thereby comprefs and condenfe the air which 
lies next them ; and in returning backward, they 
fufFer the comprefled air to recede and expand it- 
felf, fo that the parts of the air which are contigu- 
ous to the trembling body, go and return in the 
fame manner with the parts of the body; and as 
they are endued with 'a repulfive power, they muft 
by means thereof excite the fame vibrations in thofe 
parts which lie next beyond them ; and thefe again 
muft in like manner agitate the parts beyond them, 
and fo on continually •, fo that by one fingle vibra- 
tion of an elaftick body, a motion is excited in the 
air, and propagated direftly forward, by which 
fome parts go forward, whilft others return back, 
and that' alternately, as far as the motion reaches. 
That this motion may more readily be conceived, 
PI, -.. let S T reprefent an elaftick ftring, ftrctched and 
Pig. II. made faft at both ends; and by a force applied to 
the middle point H, let it be drawn into the pofi- 
tion SET; upon the removal of the force which 
inflcfts it, it will by virtue of its elafticity return to 
its former pofition S H T ; and forafmuch as the 
reftitutive force aftsconftantly upon ic during the 
time of its motion from E to H, its motion thro* 
that fpace muft be continually accelerated, and the 
velocity thereof muft be greateft at"H. When the 
ftring has recovered the pofition SHT, it will not 
remain therein ; but by virtue of the velocity ac- 
quired in moving from E to H, it will be carried 
•iorward till it has moved thro* a fpace as HK, equal 

to 
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to EHvand then its motion forward will ceafcj for ^^^j* 
as it moves towards K, the elaftick force afts con- XVIl.^ 
tinually upon it in drawing it back; and by fo do- 
ing, retards the motion from H to.K, in the very 
fame manner that it accelerated the motion from E 
to H ; confequently, by the time that the ftring has 
moved frcfm H to K, it will have loft all that velo- 
city which it acquired in moving from E to H ; as 
foon as it ce^fes to go forward, it will be brought 
back again from K to H by the force of elafticity,^ 
with an accelerated motion, in the very fame rhan^ 
ner as it was at firft from E to H ; and when it hast 
arrived at H, it will by virtue of the acquired ve- . 
locity go on to E, with a retarded motion, in the 
fame manner as. it did from H to K. The motion 
of the ftring^fVom E to K and back again, is called 
z vibration \ and it is evident from what has been 
faid, that fetting afide all external impediments, a 
ftring which has made one vibration, muft continue 
to vibrate for ever thro' the fame fpace •, but, where- 
as it meets with continual refiftance from the air, the 
fpace thro' which it vibrates muft on that account 
grow lefs and lefc continually, and at length vanifli v 
and yet, notwithftanding this variation in the fpace, 
the times of the vibrations are all equal, as I 
Ihall demonftrate before the clofe of this ledure ; 
but I take notice of it in this place, becaufe one of 
"the chief properties of the pulfes of the air, where- 
of I (hall have occafion to make mention prefcntly, 
has a ncceflary dependance thereon. 

When the ftring is drawn into the pofuion SET, 
if we fuppofe A, jB, C, ^.nd fo forth, to be particles 
of air placed in a right line one bey )nd another, and 
that the diftance of the firft particle from the ftring 
at E, is equal to the interval of any two adjacent 
particles, as it muil needs be, on fuppofition that 
the particles of the*' air fly from other bodies with 
the fame force that they repel one another-, upon 

letting 
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Lect. letting the ftring go, as it cannot move forward 
XVII. without approaching to the particle A, it muft ifi 
'the very next irtftant after it begins its motion, pro- 
' pel that partible -, which, for the fame reafon, muft 
in the next inftant after it begins to move propel 
the particle B, and that muft in the fame maftiier 
propel C, and C propel D, and fo on ; lb that the 
ftring, and the feveral particles of air taken in 
their order, will begin to move forward fucccflively 
One ^fter another, at very fmall intervals of time. 
And whereas the ftring is accelerated in its motion 
from E to H, and retarded in its motion from H 
to K, the particle A muft likewife be accelerated 
in one half of its progrefs, and retarded in the 
other ; for fince A is equally dift^nt from the 
ftring, and from B, before the vibration com- 
mences, and fince it begins to move forward a little 
later than the ftring; it is evident, that upon the 
firft motion of the ftring, the diftance between that 
and A, muft become lefs than the diftance between 
A and B •, and forafmuch as the increments of ve- 
locity which are continually generated in the ftring 
by the aftion of its elafticity, are not communicat- 
ed to the particle A, in the inftant of time wherein 
they are generated, but a little later 5 it is mani- 
feft, that the ftring during its motion from E to 
H, muft continually be nearer to A than A is to 
B ; and confequently, muft a6t more forcibly in 
driving A forward, than B does in driving it back- 
ward, and by fo doing accelerate its motion. After 
the ftring has arrived at H the middle point of its 
progrefs, and ceafed to be accelerated, in the very 
next moment A likewife reaches the middle point 
of its progrefs, and ceafes to be accelerated, being 
driven as ftrongly backward by\ B, as it is forward 
by the ftring. But however, by virtue of the ac- 
quired motion it continues to go forward, but with 
a retarded motion j and is at length ftopped by the 
* repulfivc 
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repulfive power of B •, in the fame manner that the LfecT. 
ftring in moving from H to K is retarded^ and at -^Y^" 
laft flopped by the aftion of its elaftick force. Af- 
ter the ftring has reached K, the utmoft limit of its 
progrefs, in the very next moment does A likcwife 
reach the utmoft limit of its progrefs, and then 
turning back, purfues the ftring, which had. like- 
wife turned back the moment before. And as the 
ftring is accelerated during its return from K to H» 
and retarded from H to E; fo the particle A, 
during the firft half of its return, being nearer to 
B than it is to the ftring, muft be accelerated; and 
during the Is^ter half, being nearer to the ftring^ 
is thereby retarded, and at length ftopped upon its 
arrival at tlje place from whence it fee out," which 
happens immediately after the ftring has returned to 
E*, and there it continues at reft, unlefs by a fccohd 
vibration of the ftring it be again driven forward in 
the fame manner as before. As this particle is 
made to go and return thro' a very fliort fpace, by 
the impwlfc of the ftring, fo likcwife are the feveral 
fucreeding particles, by the impulfes of the forego* 
ing ; and as the ftritjg and the feveral particles taken 
in their order, begin their motions forward, fuccef- 
fivcly one after another at very fmall intervals of 
time, fo likewife do they begin to return in their 
order at the fame intervds of time ; whence it fol- 
lows, that fome of them muft go forward, at the 
fame time that others return back. As the particles 
which go forward begin their motions fucceftively 
one after another, they muft neceflarily come nearer 
together; that is, they muft be condenft-d. And ic 
muft be obferved, that the condenfation goes for- 
ward continually; fof in the very next inllant after 
any particle as D, has made its neareft approach to 
E, E muft make its neareft approach to b ; and in 
the next inftant F muft make its neareft approach 
to G, and fo on continually ; fo that the corrden- 
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YVTT* ^^^5on rtiuft pafs forward fucccflively in a regular 
, _ _ * , manner thro* the feveral particles of air. 

But that I may explain this vibratory motion of 
the air more particularly, it muft be obferved, that 
as the firing during the firft half of its progrcfs from 
E to H is continually accelerated, its diftance from 
the particle A, muft conftantly grow lefs •, and for- 
afmuch as during the latter half of its progrefs from 
H to K, it. is continually retarded, and that in the 
fame uniform manner that it was accelerated from 
E to H, its diftance from A muft conftantly be in- 
larged, and that in the fame regular manner that 
it was diminilhed during the progrefs.of the ftring 
from E to H i fo that by the time it has arrived at 
K, the utmoft limit of its progrefs, it is juft as far 
diftant from the particle A, as it was when it firft . 
fet out. Upon the return of the ftring, inafmuch 
as it is continually accelerated from K to H 5 its 
diftance from the particle A muft ftill be inlarged j 
and forafmuch as it is retarded in its motion from 
H to E, in the very fame manner as it was accele- 
rated from K to H, its diftance from A muft con- 
ftantly grow lefs in the fame r(*gular manner that it 
was inlarged during its motion from K to H -, fo 
that upon its return to E, it is again juft as far dif- 
tant from the particle A, as it was at its firft fet- 
ting out. From what has been faid, it is evident, 
that the ftring during the time of its progrefs is 
always nearer to the particle A, than it was before 
its motion began, and that its leaft diftance from 
'the particle is at H, the middle point of its pro- 
grefs ; it is likewifc manifeft, that during the time 
of its return, it is always more diftant from the par- 
ticle than it was before its motion began; and that 
its greateft diftance from the particle is at H, the 
middle point of its return. And what has been 
thus fhewn of the ftring with refpeft to the particle 
A, is in like manner true of that particle with re- 

fpeft 



Digitized by VjOOQIC 



Of sounds. 263 

fpcft to the particle B, and of B with refped to C, ^^J 
and fo on of every particle, with rcfpeft to that which * 

lies immediately beyond it, as far as the motion 
reaches; fo that each particle with regard to that 
which lies immediately beyond it, is in a ftate of 
condenfation during its progrefs, and of rarefadion 
during its return, its greatcft condenfation being at 
the midft of its progrefs, and its greateft rarefac- 
tion at the midft of its feturn. What proportion 
thefc rarefaftions and condenfations bear to the 
denfity of the air in its natural ftate, in every point 
of that fmall fpace thro* which a particle of air 
vibrates, Ihall be fhewn in my next Icdlure, 'as alfo 
the law of this vibratory motion. 

As the parts which go forward, do in their pro- 
greflive motion ftrike fuch obftacles as they meet in 
their way, they are for that reafon aUcd pulfes -, and 
the fenfations which are excited in the mind by the 
ftrokes of thefe pulfes on the drum of the ear arc 
called founds ; fo that fopnds as confidered in their 
phyfical caufes, are nothing elfe but the pulfes of 
the air. In order therefore to explain*the nature of 
founds, I fhall lay before you the chitf properties 
of thefe pulfes. 

The firft of which is, that they are propagated 
from the trembling body all around in a fphaerical 
rhanner. For tho' the parts of the body, by whofe 
vibrations the pulfes are generated, do go and re- 
turn according to certain direftions, yet forafmuch 
as every impreflion which is made on a fluid is pro- 
pagated every way throughout the fluid, whatever 
be the direction wherein it is made^ the pulfes muft 
fpread and dilate, fo as to form themfclves into 
concentrick fphaerical furfaces, or rather thinfhells, 
whofe common center is the place of the founding 
body. And hence appears the reafon why one 
and the fame found may be heard by feveral per- 
fons, tho' differently fituated wi:h refpedt to the 
founding body. 

S A fecond 
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A fccond property of the pulfes is, that thejr 
grow lefs and Icfs dcnfc as they recede from the 
founding body, and that in the fame propoftbit 
v^ith the fquares of their diftances from the body* 
For whatever be the force wherewith the foutiding 
body afts on the firft fpha^rical (hell of air, with the 
very fame force docs that Ihell aft upon the fecond, 
and that again upon the third, and ft> on continue 
ally ; fo that the force which condenfes the air in 
the feveral Ihells is given ; confeqoently, the con* 
denfations which it produces in thofe fhells muft be 
inverfly as the rcfiftances it meets with ; but the re^ 
Mances are as the (hells -, and therefore, fince thofe 
increafe continually in the fame proportbn with th<t 
(quares t^ their diftances from the center, their 
denGties muft decrcafe in the fame manner. 

By reafen of this diminution in the dcnfities of 
the pulfes, thofe Which are farther removed frOtrt 
the founding body, make (lighter impreflions oa 
the drum of the ear, than thofe Whieh are lefs dif^ 
tant ; and hence it iS, that foiihds grow lefs and 
lefs audible, th4 farther they go from the (bundihg 
body 5 and at tertain diftances become fo weak ai 
not to be heard at all. 

A third property of the pulfes is, that all of them 
whether denfer or rarer, move equally fwift, (b as 
10 be carried thro* equal fpaces in equal times, as I 
Ihall demonftrate iu my next lefture. 

From this property it follows, that all (bunds, 
whether they be loud or low, grave or aciUe, tnove 
equally fwift, the fofteft whifper making equal ipeed 
with the noife of a cannon, or the loudeft thunder- 
clap ; and it has been found by experiment, and I 
ftiall likewife demonftrate in my next lefture, that 
founds move at the rate of 1 142 feet in a fecond of 
time or thereabouts ; for the velocity is not pre- 
cifely the fame in all feafons of the year, but is 
fomewhat greater in fummer than in winter, on ac* 
count of the heat which renders the air more cJaf- 

tick 
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tick in proportion to its dcnfity, than it is in the Lect. 
cold winter feafon, XVIL 

A fourth property of the puJfes is, that all thofc ^^^,^ 
which are excited by the vibrations of one and the 
fame body, are at equal diftances from one another. 
For fince each pulfe is excited by one fingle vi- 
bration of the founding body, and fince tU the 
pLilfes move with equal and uniform velocities, it is 
manifeft that they muft fucceed one another at 
diftances proportional to the times of the vibrations ; 
but the times of the vibrations of one and the fame 
body are all equal ; confequently, the intervals of 
the pulfes are fo too. And it muft be obferved, 
that the interval between two pulfes, which is by 
feme called the Itngth^ and by others the breadth of 
a pulfe, is that fpace thro' which the motion of the 
air is carried, during the time wherein any one 
particle performs its vibratory motion, in going for- 
ward and returning back. 

On the intervals of the pulfes depend the tones 
of founds ; and here I muft obferve to you, that all 
the variety there is in founds, refpefts either their 
firengtb or their tone ; with regard to their ftrength, 
they are diftinguilhed into lend and low ; and with 
refpeft to their tone, into grave and acute^ Other-* 
wife called /^/ 2ii\A Jharp. The ftrength of any 
foi^nd depends on the magnitude of the ftroke, 
which is made by a pulfe on the drum of the ear; 
the greater the ftroke is, the louder is the found 
which it excites, and the weaker the ftroke, the 
lower the found ; and whereas all the puMes move 
with equal velocities, the magnitude of the ftroke, 
and confequently the ftrength of the found, muft 
be as the quantity of matter in the pulfe -, that is, 
as a reftangle under the* dcnfity and breadth of the 
pulfe; and fuppofing the' breadth of the puMc to 
be given, it muft be as the denfity. 

The tone of a found depends on the duration of 
a ftroke ; the longer a ftroke is which a pulfe makes 
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on the drum of the ear, thcf more grave is tfae 
found which it produces •; and the fliorter the ftrokci 
the more acute is the found i but fince all the pulles 
move equally fwift, the duration of a ftroke muft 
be proportional to the interval between two fuccef- 
five pulfes 5 and of confcquence, a found is more or 
Icfe grave or acute, in proportion to the length of 
that interval. Hence it follows, that all the founds 
from the loudeft to the loweft, which ^re excited by 
the vibrations of one and the fame body, are of one 
tone. It likewifc follows, that all thofe founding 
bodies, whofe parts perform their vibrations in equal 
times, have the fame tone ; as alfo, that thofe bo- 
dies which vibrate flowed, have the graveft or 
deepefl tone ; and on the contrary, thofe which vi- 
brate quickeft have the fliarpeft or (hrilleft tone. 

As there may be an infinite variety in the times 
wherein founding bodies perform their vibrations 
fo may there like wife be in the tones of the founds 
which depend thereon j and yet amidft this great 
variety, muficians acknowledge but feven principal 
notes in an o3ave\ for tho* the eighth be requifite 
to compleat the feven intervals in an oftave, yet 
are there in truth but feven notes ; for that which is 
called the eigbib^ becomes the bafe or ground note 
in the next o6lave afcending ; and as it (lands in 
the limits of the two oftaves, it is called the esgbtb 
with refpeft to the bafe note below it, and the 
ground or bafe npte with refpeft to the 15th which 
is above it -, which 15th is likewife the bafe in the 
next afcending oftave ; for by a repetition of notes, 
wherein the proportions of the times of the ndtesin 
the firft oftave are preferved, the oftaves may be 
continued on both ways, afcending and defcending, 
and that in infinitum ; and yet, notwithftanding this 
infinite progreffion in the odtaves, the number of 
harmonick founds is limited. Mr. Sauveur is of 
opinion, that all the harmonjck founds, that is, fuch 
founds as can be heard diftinftly and with pleafurc, 
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and in whofe tones a difFerenec can be clearly per- J^^^'^j^ 
ccived by the car, lie within the compafs often oc- /*y_ * 
taves ; as alfo, that all founds whatever, from the 
ioweft harmonick found, to the higheft that the hu- 
man ear can well bear, are contained within the li* 
mits of two oftaves more. And if this be the cafe, 
it follows, that that body which gives the flirilleft 
found that the ear can bear, makes 4096 vibrations 
in the fame time that one vibration is performed 
by that body which gives the graved harmonick 
found ; for finde in every oftave, the time of the 
eighth is-^ of the time of the bafe note, if ^ be raifed 
up to the 1 2th power, it will exhibit the time of the 
flirilleft found, that of the graveft being unity ; but 
the 1 2th "pbwer of 4: is the 4069 part of an unit ; 
confequentiy, the time of the (hrilleft found that 
the ear can well bear, and likewife of the vibration 
^vhich produces it, is to the time of the graveft har- 
monick found, and of the vibration whereby it is 
produced, as i to 4096; but the times of the vi- 
brations of two bodies are inverfly, as the numbers 
of vibrations which they perform in a given time; 
confequently, the body which gives thefhrilleft 
found performs 4096 vibrations in the fame time 
that the body which gives the graveft harmonick 
found performs one •, and forafmuch as Mr. Sau- 
VEUR has found by fome experiments which he 
made on orgail pipes, of which 1 fhall give you an 
account in my next le£lure, that a body which 
gives the graveft harmonick found, vibrates twelve 
times and a half in a fecond, the flirilleft found- 
ing body muft perform 5 1 100 vibrations in the fame 
time ; which argues great fwiftnefs in the vibrating 
jparts; and yet, great as it is, it has nothing extra- 
ordinary or furprifing in it, if compared with the 
velocity of fome other motions -, for if we fuppofe 
the parts in each vibration to run thro' a fpace equal 
to the loth part of an inch, tho* it is highly pro- 
bable, that the lengths they run are much fliorter ; 
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Lect. and if we fuppofe them to move with the fame velo^ 
XVII. city during the whole time of their motion ; it fol- 
lows, that they are carried at the rate of 42 5 feet and 
I o inches in a fecond ; confcquently , they do not move 
with much more than two thifd parts of the velocity 
wherewith a ball flies from the mouth of a cannon. 

The fifth and laft property of the pulfes is, that 
they may be propagated together in great numbers 
from different bodies, without difturbance or con- 
fufion •, as is evident from conforts, wherein the 
founds of the feveral inftruments are conveyed dif- 
tinftly to the ears of the audience ; as they move 
along, fome of them coincide and ftrike the drum 
of the ear at one and the fame time, and thereby 
excite a fmooth regular motion, that is pleafing 
and agreeable*, whilft others which do not mix 
and unite, at lead not frequently, ftrike the ear at 
different Inftants of time, and thereby difturb each 
other's motion, fo as to render them harih, grat- 
ing and offenfive. A,nd hereon depends almoft 
|he whole of concords and difcords in mufick; 
fuch founds, generally fpeaking, being deemed 
concords, as are excited by pulfes Ivhich have fre- 
quent coincidences ; and on the other hand, fuch 
founds being calkd difcords ^ as arife from pulfes 
which coincide but rarely. 

The frequency or infrequency of the coincidencesi 
depends on the proportions which the intervals of 
the pulfes bear one to another ; as I (hall (hew you 
in relation to the feveral notes in an oftave ; in do- 
ing of which, inftead of the pulfes and their inter- 
vals, I fhall confider the vibrations of the bodies 
which excite the pulfes, and the times of thofe vi- 
brations ; becaufe the number of pulfes is always 
equal to the number of vibrations in the founding 
bodies, and the intervals of the pulfes proportional 
to the times of the vibrations. 

If two vibrating bodies begin their motions to- 
gether, and vibrate in equal times, it is mariifeft, 

that 
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that their vibwipns muft keep pace together, and Lect. 
conftanrly coinqide. But if the vibrations be per- ^^^^\ 
formed in unequal times, it is plain, that they can- ' 
not conftantly keep pace together j for which reafon 
fomc qf them only will coincide; and which thofe 
are may be determined from the times of the vibra- 
tions ; for fmce the numbers of vibrations, which 
arc performed in a given time, are inverfly as the 
tfnfies of the vibrations, if the numbers which ex- 
prefs the times pf the vibrations of two bodies be 
taken reciprocally, they will exhibit the coincident 
vibrations of the re(peftive bodies, For inflance, if 
the time of the vibrations of one body, be to the 
time of the vibrations pf another, as 8 to 9, which 
is the cafe pf twp bodies, whereof one founds a fe- 
cond or tone major tp the other, every ninth vibra- 
tion of the former coincides with every eighth of 
the latter. So again, if tJie times of the vibrations 
be to ow another, as 5 to 6, which is the cafe, 
where one body founds a Icfler third to the other* 
every fixth vibration pf the former falls in with 
every fifth of the latter. 

In this fch^me, I havp 4. Eight. 
fct down thofe fraftional -^ Greater fevenib " 
numbers which e^prefs 4- Lejffer feventh. 
the proportions th^at the 4- Greater fixtb. 
time$ pf the vibrations of 4- Lejferftxtb. 
thofe bodies, which found \ Fifth. * 

the fcveral notes in an 4- Fourth. 
oftave, bear to the time 4 Greater thirds 
of the vibration of that 4- l^^Jfcr third. 
body which founds the 4 Second or tone major. 
bafe note ; by the help of i Bafi note. 
which numbers the co- 
incident vibration? may be readily difcovered. For 
in each fraftion, the denominator exhibits the coin- 
ciding vibration of that body which founds the 
oote, and the numerator the coinciding vibration 
©f the body which founds the bafe note. 

S 4 Having 
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Having thus explained the nature and properties 
oF found, I come now to give you an account of 
the VIBRATIONS of Musical Strings, and to 
Ihew you in what proportions the times of the vi- 
brations arc varied, by varying the length, thick- 
ncfs, or, tenfion of the firings ; and in order there- 
to, I fhall lay down the following Proposition. 

PI. 7. Let an elajitck firing as AB, faftened at A, and 

Fig- 13. pajjing over a fmall pin or pulley at B, beftretcbed by 
an appending weight as P, (which IJhall call the tend- 
ing force) 5 and by a force applied at the middle point 
C, (which I fhall call the infleding forced, let it be 
drawn into the pofition ADB v if the diflance between 
C andD be exceedingly fmall in proportion to the length 
of the firings or^ to fpeak in the mathematical phrafe^ 
if CD be a nafcent^ quantity ^ the infieRing force will 
he meafuredby a reSangle under the fpace CD, and 
the tending force applied to the length of the firing. 
For fince the tending force adts upon the ftring in 
the direftion DB, it may be denoted by that line, 
and being fo denoted, it may be refolved into two 
forces, whereof one adls in pulling the ftring hori- 
zontally in the dircftion CB, and is therefore to be 
cxpreflcd by CB ; whilft the other afts in drawing 
the ftring perpendicularly upward from D towards 
C, and is therefore to be expreffcd by the line DC , 
fo that that portion of the tending force which afts 
in moving the ftring upward, is to the whole force, 
as D C to D B ; or, bccaufe D and C are fuppofed 
to be indefinitely near, as DC to C B -, but the 
force whicb afts in drawing the ftring upward, is 
equal to the infleding force, becaufe they balance 
each other ; confequently, the inflcAing force is to 
the tending force, as CD to CB ; and turning this 
analogy into an equation, by multiplying the ex- 
treams and means, and then dividing by C B, we 
(hall have the inflecting force equal to a reftangle 
under the tending force, and the line CD, applied 

to 
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to half the length of the ftring; and therefore, Lect. 

forafmuch as whole quantities -are in proportion as XVII- 

their halves, the inflefting force will be as a rcftangle ^^^^^ 

under the tending force and the line CD, applied to 

the length of the ftring 5 fo that putting F for the 

inflefting force, P for the tending force, S for the 

line CD, and L for the length of the ftring, F is as 
cp 

■T-. Hence it follows, that if P and L, that is, if 

the^ tending force and length of the ftring be given, 
the inflefting force is as the line CD, as will appear 
from the following experiment. 

Let a fmall brafs wire three feet long, fattened Eitp* «• 
at one end, and paffing over a pin fo as that when 
ftretched it may be in an horizontal pofition, be 
tended by a weight of three pounds -, and let half 
an ounce, and an ounce, be appended fucceflively 
to the middle of the wire ; in the former cafe, the 
point of fufpenfion will be drawn down -r-^th parts 
of an inch, andMn the latter -,5^. 

Since the force which inflefts the ftring of a given 
length, and tended by a given force, is as the fpacc 
CD, thro* which the ftring is bent ; the force where- 
with the ftring reftores itfelf, muft likewife be as 
CD, becaufe the reftitucive force is in all cafes equal 
to the inflefting force; confequently, the point D 
is carried towards C, by a force that varies with 
the diftance ; and therefore, whatever be the dif- 
tance at which it begins its motion, the time where- 
in it arrives at C will ftill be the fame ; as I proved 
in my lefture on the pendulum. Whence it fol- 
lows, that the vibrations of one and the fame ftring, 
whether they be through larger or fmaller fpaces, 
are all performed in equal times. 

If L and S be given, F is as P; that is, if the 
length of the ftring, and the fpace thro* which it is 
bent be given, the inflcfting force is as the tending 
force J or, in other words, one and the fame ftring 

being 
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being tended by different forces will upon the in- 
flexion be drawn (Jown equal fpaces by infletfting 
forces, which arc to one another in the fame pro- 
portion with the tending forces. • 
^^P'3 • Let the fame wire as before be tended by a 
weight of fix pounds, and /it will require one ounce 
to draw it down Aths of an inch, and two ounces 
to draw it down ^ths 5 whereas, when it was 
tended by a weight of thrfee pounds only, it was 
drawn down the fame fpaces by half an punce, and 
an ounce. 

If P and S be given, F is as y- ; that is if the 

force which tends the ftring, and the fpace thro* 
which it is bent be given, the inflefting. force is in^ 
verfly as the length of the ftring ; or, in other 
\*ords, if ftrings of different lengths be tended by 
equal forces, they will be drawn thro' equal fpaces 
by inflefting forces, which are to one anqther in- 
verfly as the lengths of the ftrings. 
Exp. 4# Let a fmall brafs wire a foot and a half long, 
be tended by a weight of three pounds, and it will 
reqgire an ounce to bend it down ^^ths of an inch, 
whereas half an ounce was fufficicnt to give the 
fame bent to the wire which was of a double length, 
apd under the fame tenfion. 

The time of a vibration of an elaftick Jlring is mea^ 
fured by a reSiangky under the length and diameter of 
the firings applied to the fquare root of the tending 
force. For if, as in the cale of gravity, we fup- 
pofc the force wherewith the infleaed ftring reftorcs 
itfelf to aft uniformly, as we fafely may becaufe 
the fpace thro' which it afts is exceedingly fmall j 
then the motion generated will be as a reftanglc 
under the force and the time of its afting ; fo that 
putting M for the motion, F for the reftitutivc 
force^ and T for the time of its afting, M is as 

FT; 
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T* T; but the motion is as the quantity of matter I^ect. 
moved into the velocity wherewith it mpves i and XVII. 
in this cafe, the quantity of matter is as a produft V'^^nJ 
under the length of the firing, and the fquare of 
its diameter; wherefore, putting D, L, and V, to 
denote the diameter, length, and velocity, F T is 
as D*LVi and dividing both fides by F, T is as 

- — pj— ; but the reftitutive force of the ftring be- 
ing equal to the force which inflefts it, and that 

• SP 

having been proved to be as y-, wherein S denotes 

the fpace thro' which the ftring is bent, P the tend- 
ing force, and L the length of the ftring ; if in- 

SP D L*V 

ftead of F we fubftitute y-, T will be as pg ; 

but the velocity applied to the fpace is inverfly as 

the time, that is, g- is as 7^ ; and therefore, in- 

ftead of that, fubftituting this, and multiplying 

D L* 
both fides by T, we fiiall have T*, as "jT^J 

DL 

and therefore cxtradling the root, T is as-— r; 

P^ 

that is, the time of a vibration, is a$ a reftanglc 
under the diameter and length of the ftring, applied 
to the fquare root of the tending force. 

Hence it follows, that if D and P be given, T is 
as L •, that is, if the diameter of the ftring and 
the tending force be given, the time of the vibra- 
tions varies with the length of the ftring; as is ma- 
nifeft from the divifion of the monochord^ wherein 
the parts of the chord which found the feveral notes 
in an oftave, have the fame proportions to the whole 
chord, that the times of the refpeftive notes have Exp. 5, 
to the time of the bafc note ; as for inftance, one 
half of the chord founds an oftave to the whole, 
whofe time is one half of the time of the bafc note ; 
8 ' and 
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yvtt' ^"^ ^ ^^ ^^^ chord found a fifth, the time whereof 
J v^^ is 4. of the bafc time of the note, and fo of all the 
" reft. 

If P and L be given, then T is as D ; that is, 
if the tending force and length of the firing be 
"^p. 6. given, the time of the vibration is as the "diameter 
of the firing; as will appear, if two wires of equal 
lengths be tended by equal weights, the diameter 
of one being the 90th part of an inch, and that 
of the other the 45th part ; for the former will 
found an oftave to the latter. 

If D and L be given, then T is inverfly as the 
fquare root of P5 that is if the diameter and 
length of the firing be given, the time of the vibra- 
tion is inverfly as the fquare root of the tending 
Ixp. ;• force ; as will appear, if eleven wires equal as to 
length and thicknefs, be tended by weights, whofc 
fqgare roots are to one another inverfly as the times 
of the notes in an oftave ; for the wires fotended 
will found the rcfpeftive notes. 

Eighth J — 240 

Greater feventb 

Lejfer feventh 

Greater ftxth - 

Lejferjixth 

Fifth 

Fourth 

Greater third — — 

Lejfer third — 

Tonemajor^ orfecond — I- — 7544 
, Bafe note — — 1—60 

In the left hand column of this table, the 
npmbers cxprefs the times of the feveral notes ; and 
the numbers in the right hand column, exprefs the 
weights in ounces, whereby the wires which found 
the rcfpeftive notes are tended ; the fquare roots of 

which 
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which weights, are to one another inverfly as the 
times of the refpedtive notes ; as for inftance the 
weight which tends the firing that founds the oftave, 
is to the weight whereby the ftring that founds the 
bafe note is tended, as 4 to i, whofc fquare roots 
are as 2 to i, that is, inverfly as the time of the 
oftave, to the time of the bafe note j and fo of all 
the reft. 



LECTURE XVIII. 
Of THE Motion of Sound. 

IN my laft lefture, wherein I treated of that mo- l^ct. 
tion of the air, which is produftiv^ of founds, I X VJIL 
(hewed you, that each particle of air in going for- v.-^-— J 
ward and returning back, is t>yice accelerated, and 
as often retarded ; bift I did not then enquire into 
the law of that acceleration arid retardation, I like- 
wife told you, that all the pulfes of the air move 
equally fwift, the demonftration of which, I pro- 
mifed to give you in this lefture. 

Now Sir Isaac Newton, having in a moft 
elegant manner, in the 47th />r^/>^//^« of the 5^- 
cond Book of his Principles^ demonftrated that each 
particle of air, during its vibratory motion, is ac- 
celerated and retarded, in the very fame manner as 
a pendulum vibrating in a cycloid •, and having like- 
wife, in the 49th and 50th PropoftHons of the fame 
book, determined the velocity of found, I fliall in 
this ledure lay before you what he has (aid, in re- 
lation both to the one and the other, in the cleareft 
light that I am able. 

As to the firft, let the line AB denote the length pi. j. 
of a pulfe ; or that fpace thro* which the motion of Fig i.. 
the air is propagated, during the time that a par- 
ticle* performs its vibration, by going forward and 

returning 
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Lect. returning back ; and let E, F and G, be three par- 
XV III. tides, or phyfical points of air fituated in the nght 
^^'^"^ line at equal diftances, and at reft ; and let EQ, 
FR, and G T, be three equal, but exceedingly fhort 
fpaces, thro' which thefe particles go and return in 
their vibrations ; which fpaces tho* they be here 
taken of fome length, to avoid confuGon in the 
fcheme, arc 'in reality fo exceedingly fmall, as to 
bear no proportion tp AB, the length of a pulfe. 
Let Xf y, and z denote any intermediate points, 
in which the particles arc found during their motion 
forward or backward. Let EF, and FG be fmall 
phyfical lines, or little portions of air, fituated in 
ftrait lines between thofe phyfical points 5 which 
f'* *• lines are fucceffively moved into the places xy, yz, 
1^^- J- and QR, RT. Let the right line PS, be drawn 
*^' ** equal to EQ> and on that line aaTa diameter, le^ 
the circle SlPi be defcribed ; and let the circumfe- 
rence of that circle denote the time of the vibration 
of a partiqlc, and the parts of the circumference, 
the proportional parts of the time; fo as that after 
any time as PH, or PHSh, if right lines as HL 
and hi be drawn from the points H and h perpen- 
dicular to SP, and Ex be taken equal to PL, or 
PL 8. pl^ the particle E may be found at x. By this 
^^' ^' means the particle or phyfical point E, in moving 
forward thro' x to Q, and thence back again thro* 
x to E, will be accelerated and retarded, in the 
fame manner with a pendulum vibrating in a cy- 
cloid 5 inafmuch as in my lefture on the pendulum, 
1 /hewed you, that the fpaces defcribed by fuch a 
pendulum, and the times of dcfcribing thofe fpaces; 
are (as we have now fuppofed them to be in the 
cafe of the air's motion) a« the verfed fines and 
arches of a circle, whofe diameter is equal in length 
to the wholt cycloid. 

Now, in order to prove that the feveral little por- 
tions of air areagrtaced in the foremen tioned manner 

by 



Digitized by V3OOQIC 




Of irrtfi MOTION of SOUND; 

by their ekfticity, which irr this cafe is the true 
tnoving caulc, let us fuppofe them to be fo moved 
by fome caufe or .other, be that caufe what it will 5 
and their clafticity will be found jto be fuch in eve- 
ry point of their progrefs and return, as muft of 
neceffity pfoduce in tnem the fame degrees of ac- 
celeration and retardation, that gravity does iifi 4 
pendulum vibrating in a cycloid/ 

In the circumference of the circle, let the equal 
arches HI and IK, or hi and ik, be taken, bear- 
ing the fame proportion to the whole circumference^ PI. s. 
that the little right lines £F and FG do to AB the Fjg. i. 
length of a pulfejaad drawing the lines IM and ^^S- *• 
KN, orimand kn perpendicular to PS, inafmuch 
as -the points or panicles E, F and G, are moved 
in the fame manher fucceflively one after another, 
the motion beginning with E, and each of them 
performs its intii'e \ibration, in going forward and 
returning b^ck, in the fame time that the motion 
h propagated thro* a fpace equal to AB, the length 
of a pulfe ; i( PH or PHSh denotes the time from 
the beginning of E*s motion. Pi, or PHSi, will 
denote the time from the beginning of F's motion i 
and in like oaann^r PK, or PHSk, will denote 
the time from the beginning of G*s motion. And 
if the points E, F and G be found at 5c, y and ^ -, 
the linds Ex, Fy, and Gz, in the firft figure, will 
be refpeftively equal in the fecond, to rL, PM, 
and PN, in the pro'grefs of the points ; and in 
their return^ equal to PI, Pm, Pn, thofe being the 
verfed fines of the arches which denote the times* 
Whence' it follows, that xz, which h equal to the Fig. i. 
difitrence between Ex, and the fum of EG and Gz, 
is in the progreft of the points, equal to EG — 
LN, and to EG -|- Ip in the return ; but xz is as 
the expanfion of the little portion of air EG, when 
it is in the place xz •, confequently, that expanfion 
IS to the mean ordinary expanfion, or that expan- 
fion 
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Lkct. fion which it has when at reft before it is put inta 
XVIII. its vibratory motion, as EG — LN, to EG, when 
^^^~^ that portion of air in goin^ forward is found i/i 
the place xz; and it is as EG + In; or, becaufe 
LN and In are equal, as EG-f-LN, to EG, when 
the portion of air in returning back, is found in 
PI. 2. the fame place. Let now ID be drawn from the 
Fig. a. point I, perpendicular to HL, and the nafcent tri- 
angle HID, will be fimilar to the triangle OIM, 
becaufe the angles at D and M are right ones, and 
the angles at I are equal, as being each of them the 
complement of one and the fame angle DIO, to a 
right one ; confequcntly, DI, Or its equal LM, is 
to HI, as IM to the radius OI, equal to OP ; and 
double LM equal to LN, is to double HI equal to 
HK, as IM to OP; and by the conftruftion, KfitC 
is to EG, as the circumference of the circle to AB; 
or putting R for the radius of a circle, whofe cir- 
cumference is equal to AB, as OP to R ; whence 
reducing thefe two analogies into equations, we fhall 

LN IM ^ HK OP , ^ 

have jjg = -Qpj and -^ = -^ 5 wherefore, 

multiplying thefe equations together, we fhall have 

LN IM . . , . ^. . 

£Q = -g- ; and refolvmg this into an analogy, 

we fliall have LN : EG : : I M : R; and of 
courfe, by fubftituting IM and R, in the places of 
LN and EG, the expanfion of the fmall portion 
of air EG, or of the phyfical point F, when in the 
place xz or y, is to its mean ordinary expanfion, 
as R — IM to R, in its going forward, and as 
R + im to R, in its returning ; and forafmuch as 
its elafticity is inverfly as its expanfion, its claf- 
ticity, when. at the point y, is to its ordinary 

elafticity, as g^jj^ to ^^ in its progrefs, and in 

its regrefs in the fame point, as ^ , to -^ •, 

and 
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Shd by the fame way of arguing, the elaftick forces Lect. 
6f the phyfical points E and G, when in going for* ^^^}^\ 
ward they arc found at x and z, will be to their or- / ~~ 

dinary elafticityasg-n^TjTi ^^^ rZIkJ^ ^^ R"*' 
ind by fubdufting the latter of thefe quantities from 
the former, the difference of thofe forces will be as 

HL — KN I 

R»_R^.HL — R + KN + HLxKN ^^ R » ^^ 
rejediing all th^ terms of the divifor except the firfl:,^ 
as being: indefinitely fmall with refpeft to that, as 
HL — KN I. ,.,.,. r ^^ , 
Ri ^^ r" ' ^^' multiplying both fides by 

R% as H L — K N to R ; but forafmuch as R is a 
given quantity, HL- — KN is as unity; confequently, 
the diflference of the forces is as HL— ICN. But 
from the fimilarity of triangles, HL — KN is to 
H K, as O M to O I or O P •, confcquently, fince 
HK and OP are given, HL— KN is as OM ; or 
becaufe S P and E Q^are equal, if E Q^be bifefte<i 
iti C, as cy. And by the fame way of reafoning, the 
difference 6f the elaftick forces of the fame points, 
when in their return they are. found at x and z, is 
^s the fame cy ; but that difference, or the excefs 
<>f the elaftick force of the point x above the elaf- 
tick force of the point z, is the force by Avhich the 
little line or portion of air xz, which lies between 
thofe points is accelerated in its progrels ; and on 
the other hand, the excefs of the elaftick force of 
the point z above that of the point x, is the force 
by which the fame little lirte or portion of air is ac- 
celerated in' its return; fo that the force by which 
that little portion iS accelerated, is every where as its' 
diftance from C, the middle point of its vibration; 
Confequently, during its vibratory niotion, it mufV 
be accelerated and retarded in the fame manner with 
^ pendulum vibrating in a cycloid ; inafmuch as I 
proved in my lefture on the pendulum, that the 

T fbrcc 
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Lect. force which agitates the pendulum in the, foremen* 
XVIII. tiopcd manner, is every where as its diftance from 
^''^'^>^^'^ the middle or loweft point of the vibration. And 
,what has been thus proved of the little portion EG, 
is in like manner dcmonftrable of every other little 
portion of air, thro* which the motion is propa- 
gated. 

As to the velocity of found, or what amounts to 
the fame thing, of the pulfes of the air, if a pendulum 
be made equal in length to the height of an homo- 
geneal atmofphere, whofe weight is equal to that 
of our atmofphere, and its deiyfity the fame with 
that of the air at the furface of the earth ; which 
height is, as I (hewed you in a fornier Icdure, equal 
to 29725 feet, and which I (hall now denote by 
the letter H ; in the fame time that fiieh a pendu- 
lum performs an intire vibration by going forward 
and returning back, a pulfc of the air will move 
thro' a fpace equal to the circumference of a circle 
^|- 8. defcribed with the radius H. For if the little por- 
^^' ^* tion of air E G, vibrating thro' a fmall fpace as 
PS, be afted upon at P and S, the extremities of 
the fpace thro' which it vibrates by an elaftick force 
equal to its gravity, it will perform its vibrations 
in the fame time that it would in a cycloid whofe 
length is equal to PS; becaufe equal forces muftof 
neecffity move equal bodies thro' equal fpaces in 
equal times. Since then^ the times of vibrations arc 
in the fubduplicate ratio of the lengths of the pen- 
dulums, and the length of any pendulum is equal ra 
half of the cycloid, wherein it vibrates -, the time in 
which the fmall portion of air would vibrate by the 
force of its gravity in a cycloid equal in length to 
PS, muft be to the time of the vibration of a pen- 
dulum whofe length is H, in the fubduplicate ratiod 
PO to H. But the elaftick force which adls upon 
the little portion of air in the extream points Pand 
S, was proved toJDC to its whole or ordinary elaftick 

force. 
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force, as H L — K N to R ; that is, in the cafe be- L«ct. 
fore us, 'where the point K coincides with P, as XVIII.^ 
HK to R ; for upon the coincidence of K and P, ' ^ 
KN vanifties, and HL, which in this cafe is their 
difference, becomes the fine of HK, and equal to 
it, inafmuch as H K is a nafcent arch. And the 
•whole elaftick force of that little portion of air, or, 
which is the lame things the weight which com- 
prefTes it, is to its own weight, as the height of the 
homogeneal atmofphere or H, to the fmall line 
EG; whence putting e to denote the elaflick force, 
which agitates the fmall portion of air in the extream 
points of its vibration P and S, and w for its weight, 
W for the whole elaftick force, or the weight 
of the compreffing atmofphere, and reducing the 
two laft analogies into equations, we (hall have 
HK e _ W H , , . , . 

^]^=:^, and — =i ^TT ; whence multiplying 

the two middle terms together, and likewlfe the 

HK xH 
extreams, we Ihall have :^ = r x EG * ^^^ ^^ 

fubftituting PO and R for HK and EG, to which 

they are proportional, — is equal to - ^ j^^ 5 that 

is, by refolving this equation into an analogy, the 
elaftick force which agitates the little portion of air 
in the extream points of the fpace thro* which it 
vibrates, is to its weight, as POX H to R*; fince 
then, from the nature of motion, the times where- 
in equal bodies are moved thro* equal fpaces, are 
reciprocally in the fubduplicate ratio of the moving 
forces, it follows, that the time wherein the little 
portion of air performs its vibration by virtue of 
the elaftick force denoted by e, is to the time 
wherein it can vibrate thro* an equal fpace by the 
force of its gravity, in the fubduplicate ratio of R* 
to POxH, and of courfe, to the time of the vi- 
bration of a pendulum whofe length is H, in z ratio 

T 2 corn- 
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Lect. compounded of the laft- mentioned raiio^ and of the 
XVIII.^ fubduplicate ratio of PO to H ; that is, as R* x PO 
to H*x PO; that is, by dividing byPO,andcxtraa- 
ing the fquare roots in the fimple ratio of R to H. 
But in the time that the little portion of air per- 
forms one vibration by going forward and return- 
ing back, the pulfe is carried thro' a fpace ec^ual to 
AB •, confcquently, the time in which a pulfe moves 
from A to B, is to the time in which a pendulunr 
whofe length is H, fWihgs forward and backward, 
as R to H, or as BC, the circumfcrerKe of a cir- 
cle whofe radius is R, to^ the circumference of a 
circle whofe radius is H ; but the time of the pulfe*s 
motion from A to B, is to the time in which it 
moves thro* a fpace equal to the circumference of 
a circle whofe radius is H, in the fame proponion ; 
wherefore, in the fame time that a pendulum whofe 
length is H, fwings forward and backward, a pulfe 
will move thro* a fpace equal to the circumference 
of a circle whofe radius is H, which was the thing 
to be proved. 

As a Corollary it followsj that the pglfes move 
with fuch a velocity as a' heavy body acquires ia 
falling down half the height denoted by H ; for in 
the fame time with the fall they will, with a velo- 
city equal to that acquired by the fall, defcribc a 
fpace double that of the fall, that is, a fpace equal 
to H; and of eonfequence, in the time that the 
pendulum vibrates forward and backward, they 
will run thro* a fpace equal to the circumference of 
a circle whofe radius is H.^ For, in my lefture on 
the pendulum, 1 fhewcd you, that the time of the 
. fall thro' half the length of the pendulum, is to the 
time of one vibration, as the diameter of a circle 
to its circumference -, and of courfe, to the time of 
a double vibration, as the r/7^V//j to the circumfe- 
rence. Since then it has been proved, that the 
pulfes move with fuch a velocity as carries the«i 
thro' a fpace equal to the circumference of a circle 

whof^ 
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•whofe radius is H, in the fame time that ^a pendu- Lect- 
lum whofe length is H, performs a double fwing.; /^^^, 
and fince it appears that the velocity acquired by a * 
heavy body^ in falling down half the height H, 
will carry the pulfes tferd* the fame fpacein the fame 
time, it is manifcft, that they move with that velo- 
city. 

As a fecond Cerollary Ic follows, that the velocity 
of the pulfes is in a rtf//^ compounded of the fubdu- 
plicate ratio of the air's ^lafticity direftly, and of 
the fubduplicate ratio of its denfity inverfly ; 
for fince the velocity wherewith they move, is fwh 
as a body acquires in falling down half the height 
H, and fince the velocities acquired by falling bo- 
dies, are in the fubduplicate ratios of the heights 
from which they fall, it is manifeft, that the velor- 
city of the pulfes is as the fquare root of H, but 
the height H, is direftly as the air*s elafticity, and 
inverfly as its denfity ; confequently, the velocity 
of the pulfes is in the fubduplicate ratio of the air's 
elafticity dircftly, and the fubduplicate ratio of its 
denfity inverfly. Whence it appears, that the ve- 
locity of the pulfes is given, forafmuch as, ceteris 
paribus^ the elafticity is as the denfity. In the winter 
time indeed, the motion of the pulfes is fomewhac 
flower than in fummer, becaufe the coldnefs of that 
feafon does in fome meafure weaken the elafticity, 
and at the fame time increafe the denfity. From 
what has been faid, the fpace thro' which found 
moves in any given time, may readily be determin- 
ed ; for fince it is known, by experience, that a pen- 
dulum 394- inches long, performs a double vibration 
by going forward and returning back jn two fcconds 
of time, a pendulum whofe length is H, that is 
29725 fett long, will perform a like double vibra- 
tion in iQol^ feconds; confequently, in that time 
found will move thro' a fpace equal to the circum^ 
ference of a circle whofe radius is 29725 feet -, that 
is, it wiJl move thro' 186768 feet, which being 

T 3 dir 
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Lect. divided by 190^:, g4vcs a quotient of 979 feet, for 
^^T L^^l the fpace thro' which found moves in one fecond of 
time. But it muft be obfervcd, that in this com- 
putation no regard has been had to the thicknefs of 
the folid particles of air, thro* which found is pro- 
pagated in an inftant; if that therefore be allowed 
for, the velocity of found will come out greater in 
the proportion of about ten to nine ; for fincc the 
fpecifick gravity of air is to that of water, as i to 
870, if we fuppofe the particles of air to be equally* 
denfe with thofe of water, and that the greater ra- 
rity of air is owing to the greater interval between 
its particles, it follows, that that interval is about 
nine times as^rcat as the diameter of a particle v 
confequently, a tenth part of the fpace thro* which 
found is propagated is poffeffed by the particles of 
air; if therefore to 979 feet, which is the fpace 
thro* which found would move in a fecond, in cafe 
the particles of air had no magnitude, we add a 
ninth part, or 109 feet more on account of the 
thicknefs of the particles, we (hall have 1088 feet 
for the fpace throVwhich found is carried in a fecond 
of time. BeGdes, as there are vapours difperfed 
thro' the air, which being of a different tone and 
elafticity, do not partake of that motion of the 
true air by virtue whereof found is propagated, 
the moving caufe having on that account fewer par-, 
tides of matter to agitate, muft of neceiSty give 
them a greater velocity ; and from the nature of 
motion it is evident, that the velocity will be greater 
in the inverfc fubduplicate ratio of the quantity 
of matter to be moved ; that is to fay, if we fup^ 
pofe the atmofphere to confift of ten parts of true 
air, and one part of vapours, the motion of found 
will be quicker in fuch an atmofphere, than in an 
atmofphere confifting intirely of true air, in the fub- 
.duplicate rafio of 1 1 to 10, or in the fimple ratio of 
about 2 1 to 10. If therefore the velocity laftfound 
be augmented in that proportion, we fhall have 

1142 
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1142 feet for the fpace thro* which found moves in Lect. 
one fecond of time ; and this agrees with the moft XVIII. 
accurate experiments that have been made, for dif- 
covering the velocity of found. 

The fpace thro' which found moves in a fecond 
of time being thus difcovered, the length of the 
pulies excited by the vibrations of a founding body 
may likewife be found, provided the number of 
vibrations performed by the founding body in a 
given time, can by any method be determined ; for 
fince each vibration excites a new pulfe, all that is 
rcquifite to be done, is to divide 1 142 by the num- 
ber of vibrations which the founding body performs 
in a fecond, and the quotient will exprefs the length 
of a pulfe in feet. Now, the number of vibrations 
vfhich a founding body performs in a given time, 
has been determined by Mr. Sauveur, in the fol- 
lowing manner 5 *' Mulicians having frequently 
*' obferved, that if two organ pipes which are near- 
•' ly unifons, be made to found together, there are 
** certain inftants of time, and thofe, as well as 
*' they cs^n be judged of by the ear, at equal inter- 
*' valst wherein their joint found is ftronger, than 
*' in th^ intermediate times." This, Mr. Sauveur 
with great appearance of reafon, thinks is owing to 
the coincidence of their vibrations at thofe inftants ; 
for when by the coincidence of their vibrations, 
they ftrike the ear at one and the fame inftant, 
they muft needs make a ftronger impreflion upon 
it, than when they ftrike it feparately one after an- 
other. Taking this for granted, he by the help of 
a pendulum, took the time between two fucceflive 
coincidences in the vibrations of two pipes of con- 
fiderable lengths^ and nearly of the fame tone -, he 
made choice of long pipes, becaufe the coincidences 
of their vibrations are rarer, and confequently, the 
intervals between the coincidences are more eafily 
mcafured, in long pipes than in Ihort ones. Hav- 
ing thus found the time which paflcd between two 

T 4 fuc- 
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Lect. fucceflive coincidences, he readily found the nura-f 
j^y _^'^ ber of vibrations performed by each pipe m thp 
fame time, they being inverfly as the numbers exr 
pjefllng the proportion of the tones of the pipes ^ as 
for inftance, if the time between two fucceffivc co- 
incidences was found to be the fixth part of a fc* 
cond, and the numbers which exprefled the propor- 
tion of the tones of the pipes were 45 and 46, the 
longer pipe performed 45 vibrations, and the Ihort- 
er 46, in the fixth part of a fecond. From tbefe 
experiments he found, that a pipe, whofe length 
was about five Parijian feet, had the fame tone 
with a ftring that vibrates an hundred times in a fe- 
cund •, confequently, of the pulfes excited by the 
founding of fuch a pipe, there are about one hun- 
dred in the fpace of 1 142 Englijh^ 6r 1070 Pariftan 
feet \ and of courfe, the length of one pulfc is about 
10 Pariftan feet and -r^ths, th^t is about twice the 
length of the pipe ; whence it is probable, that the 
lengths of the pulfes excited by the foundings of 
open pipes, are in all cafes equal to twice the length 
of the pipes. * 

In a former ledlure, fpeaking of the increafe 
which motion received by being cominunicated 
from a fmaller elaflick body to a larger, I took oc- 
cafion to give a reafon for the augmentation of 
found in fpeaking trumpets -, I (hall clofe this lec- 
ture, by accounting for it from the nature of the 
pulfes of the air. From what has been faid in re- 
lation to the properties of thofe pulfes, it is manifeft, 
that the greater their condenfation is, the ftronger 
is the found which they excite^ now, when the 
voice afts upon a portion of air confined within a 
trumpet, it muft neccflarvly make a ftronger im- 
preffion upon it, and of courfe condenfe it more, 
than when it afts upon it in an unconfined ftate j inaf- 
much as in the former cafe, the force of the voice is 
wholly employed in giving motion to thatfmall por- 
tion of air which lies within the trumpet, whereas 
'••'••••• • • > '' ia 
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lii tfte latter cafe, not only that portion of air is put 
in motion by the force of the voice, but likewife all 
that body of air which immediately furrounds it; 
the air then in the trumpet being by reafon of its 
confinement, more ftrongly agitated and more 
clofely condenfed, than it would otherwife be, 
muft at the m/ of the trumpet, communicate to 
the air without greater degrees of condenfation ; 
and of cdnfequence, produce a louder found, than 
could poffibly be excited by the fame force of the 
voice, were it immediately imprefled on the uncon? 
iSned air.' 



L p q T U R E ^IX, 
Of Light. 

LIGHT, whereof I intend to treat in this 
ledlore, is a moft fubtile fluid, confifting of 
particles e;cceedingly fmall, but of different magni- 
tudes, as fhall be (hewn hereafter, which are thrown 
off from luminous bodies by the vibrating motions 
.of their parts, with a velocity furprizingly great ^ 
for they do not fpend above feven or eight minutes 
of an hour in pafling from the fun to the earth, as 
was cbferved firft by Mr. Romer, Profeffor of 
Aftronomy to the late King of France \ and after 
him by others, by ineans of the eclipfes of the fate f- 
lites of Jupiter ; for thefe eclipfes, when the earth 
is between the fqn and Jupiter, are obferved to 
happen about feven or eight minutes foon^r than 
they pught to do by the aftronoipical tables ; and 
on the contrary, when the earth is beyond the fun 
Fith rcfpcfl: to Jupiter, they happen about feven 
or eight miputes later than they ought to do -, fo 
that in the latter fituation of the earth, they are ob- 
ferved to happen fourteen or fixteen minutes later 
thgn in the f9rmer5 fqrafmiich therefore as the fatjl- 
" ' ^ ' * ' litcs 
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litcs cannot difappear, but muft continue vifible ta 
the eye of an obferver, till all that light which they 
refled before their immerfions has pafled by the 
place of obfervation, it follows, that the refledled 
light of the fatellites fpends fourteen or fixteen mi* 
nutes in pafling from one end of the diameter <^ 
the earth's orbit to the other ; and confequently, 
half that time in moving from the fun to the earth* 
Hence, if the diftance of the fun from the earth be 
70 millions of miles, as it muft be on fuppofhioa 
that its horizontal parallax is twelve fec9nds of a 
degree, and fuch the moft accurate obfervations of 
the laceft aftronomers make it ; then light moves 
at the rate of about 150 thoufand miles in a fecond 
of time, and its velocity exceeds the velocity of 
found, in the proportion of above feven hundred 
thoufand to one. 

The motion of light is in its pwn nature reftili- 
neal, as is evident from the Ihadows which all opaque 
bodies caft when placed in the light of the fun, or 
of any other luminous body 5 and yet the beams or 
rays of light in paffing out of one tranfparent body 
or medium into another of a difierent denfity, arc 
bent and turned out of their way 5, or to fpeak 
more properly,^ they are made to change the direc- 
tion of their motion ; ahd this bending or change 
of diredion is commonly called refraShn •, and it 
has been found by experience, that the rays in paf- 
fing out of a rarer medium into a denfer, are bent 
in fuch a manner as to be brought nearer to a line 
drawn perpendicular to the rcfrading furface at the 
point of incidence ; and on the contrary, in their 
paflage out of a denfer medium into a rarer, they 
decline from the perpendicular. 
PI. 8. For the illuftration of which, let AB reprefent 

Fig. 3. a ray of light moving in air* from A to B, and paf- 
fing into water at B, and let HK be perpendicular 
to the furface of the water. at the point B ; when 
the ray goes into the water, it does not continue its 

motion 
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motion ftrait forward in the line BC, but in Ibme 
other line as BD, which is more inclined to the per- 
pendicular BK. And on the other hand, if the 
liftc DB be fuppofed to be a ray of light moving 
in water from D to B, and there paffing into air, in* 
Head of continuing its motion in the dire6kion BE, 
it goes on in fome other direftion as BA, which 
being leli inclined to, is more diftantfrom, the per- 
pendicular BH -, as will appear from the follow- 
ing experiment. Let an empty veffel as BCDE, Exp. i ^ 
have a fmall objecSt as A, placed at its bottom ; and ?{• 8. 
let it be fo fituated as that the fight of the obje6t ^*^* ^* 
nwy be intercepted by the fide of the vcflfel from 
an eye placed at Q^; let then the veffel be filled 
with water, and the ray AB, which before the pour- 
ing in of the water, moved in a right line from A 
to K, and by fo doing pafled above the eye, will 
upon its emerfion out of the water be bent down- 
ward, fo as to ftrike upon the eye, and thereby ren-' 
dcr the objcft vifible. 

This bending of the rays in their paffage out of 
one medium into another, feems to be owing to the 
attraftive force of the denfer medium adting upon 
the rays at right angles to the furface, as may ap- 
pear by confidering the confequences of fuch an 
attradion. 

Let then AC be a ray of light moving from A PI. ^. 
to C, and there cntring into a denfer medium, the ^*S* S- 
furface which feparates the two mediums being de-* 
noted by the line HK. The motion of the ray in 
the direftion AC, being refolved according to the 
known method into two, one in the direftion AD, 
and the other in the dire<Slion AB or DC, whereof 
the former is parallel, and the latter perpendicular 
to HK ; it is manifeft, that as the ray enters into 
the denfer medium at C, its perpendicular motion 
muft be accelerated by the attraftion, whilft its pa- 
rallel motion continues the fame ; let then the line 
CG be taken in the fame proportion to CD, that 

the 
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Lect. the velocity of the perpendicular motion after rc^ 
^IX. ^ fradion has to the velocity thereof before the re- 
fraftion ; and forafmuch as the parallel aiouoQ is 
ithe fame before and after refradion, let CE be ta- 
ken equal to AD or BC, and letting fall EF equal 
and parallel to CG, and drawing the diagonal CF, 
the ray after refraftion will dcfcrihe the line CF in 
the fame time that it moved from A to C before 
the refradion ; and forafmuch as GF is equal to 
AD, LM, that is, the fine of the angle MCL, muft 
be lefs than AD, the fine of ACD ; confcquently, 
by the attra6lioaof the denfer medium, the ray in 
pafling into that medium is brought nearer to the 
perpendicular. 

Again, let FC denote the motion of a ray in the 
denfer medium from F to C, and let this motion 
be refolved into two other$, one in the direftion 
FG or EC, and the other in the direftion FE or 
GC, the former being parallel, and the latter per- 
pendicular to HK ; when the ray paffes into the ra- 
rer mtdium at G, the parallel motion does not fuf- 
fer any change from the attraftion ; but the per^ 
pendicular motion is retarded by the attractive 
force, which in this cafe afts in direft oppofition to 
it ; let then CD be to GC, as the perpendicular 
velocity of the ray in the rarer mediumy to the per- 
pendicular velocity thereof in the denfer ; and let 
DA be drawn equal and parallel to FG, in order to 
denote the parallel motion of the ray after refrac- 
tion ; and the diagonal CA will be the line defcrib- 
ed by the ray after refradion, in a fpace of time equal 
to that wherein it defcribed the line FC before re- 
fraftion •, and forafmuch as AD is equal to GF, it 
mud be greater than LM ; confequently, the angle 
ACD is greater than FCG ; and therefore, the ray 
in pafling out of a denfer medium into a rarer, is by 
the attraftion of the denfer medium bent from the 
perpendicular ; fo that in both cafes, the refraftion 
fcems to be pwing to-thp attraftiye force of the 

denfer 
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<fcnfer medium, afting upon the rays at right angles 
to its furface ; and what farther confirms this opi- 
nion is, that the denfcr any medium is, and confc- 
quently the ftronger its attraftion, the greater, 
£ieteris paribus is its rcfraftive power ; thus oil of 
vitriol, whofe denfity exceeds the denfity of water 
in the proportion nearly of three to two, afts more 
forcibly than water on the rays of light, in bending 
and turning them out of their way ; as will appear 
from the following experhnent ; let die fi^th figure Exp. 2, 
rcprefent a quadrant, whofe radius A B is parallel ^!- ^• 
to the horizon;' and let A be a fmall coloured ob- *^' 
jeft, placed on the limb of the quadrant at the ex- 
tremity of the horizontal radius ; this being viewed 
thro* an empty glafs veflcl as C, of a prifmatick 
form, placed at the center of the qu^rant, with 
its refrafting angle downwards, will appear in its 
real place at A. Let then the veflcl be filled with 
water, and let the objeft be raifed on the limb of 
the quadrant as high as D, that is to fay, to the 
height of fifteen degrees and twenty minutes, and 
the rays as DB, which go from it towards the prifm* 
will be fo bent in pafling thro' the water as to en- 
ter the eye in a direftion parallel to the horiizon, 
and reprefcnt the objeft as if placed at A. And 
the fame thing will happen when the veflcl is filled 
with oil of vitriol, excepting only that the objcft 
muft be raifed to a greater height, fuppofetoE, fo 
as to have an elevation of twenty degrees and eight 
minutes; which plainly fliews, that the rays are 
more bent, and fufier a greater refraftion under the . 
fame circumftances from oil of vitriol, than they do 
from water. 



Rcfraftions 
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The denfer medium begins to attraft the rays at 
fome diftance from its furface, and it ads upon 
them more and more forcibly in proportion as their 
diftance from its furface Icflfens ; but however, in 
what follows I fhall fuppofe the attraftive force to 
^ a6t with the fame vigour in all parts of the fpace 
thro* which it extends itfelf ; becaufe, ^ that fpace 
is indefinitely fmaU, no fenfiblc error will arifc frocD 
PI. g, fuch a fuppofuion. If then C D be the furface of 
fig* 7. the denfer medium, and A B the fpace thro* which 
the.attradtive force extends itfelf from A to B ; a 
ray of light in pafling from B to A will be accele- 
rated in fuch a manner, as that the perpendicular 
velocity thereof at the point A will be equal to the 
fquare root of the fum of the fquare of the perpen- 
dicular velocity of the ray at its incidence on the 
point B, and of the fquare of the perpendicular ve- 
3 locity 
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loclty which it would have at A, fuppofing it be- 
gan its motion at B, from a ftate of reft. For fince 
the attraftive force is fuppofed to aft uniformly thro' 
the fpace B A, the motion which it generates will 
as to its properties corrcfpond with the motion ari- 
fmg from gravity -, if therefore the triangle E G H ^1* ^' 
be taken to denote the fpace B A, GH will exprefs ^^' 
the velocity of a ray at A, on fuppofition that from 
a ftate of reft it begins its motion at B ; but if at B 
it has a velocity expreffed by any right line as I K» 
parallel to G H, let the triangle be continued on till 
the portion 1 F L K becomes equal to E G H, and 
F L will exprefs the velocity of the ray at the point 
A ; and forafmuch as the triangle EFL, is equal 
to the fum of the two triangles EGH and EIK, FL 
is equal to the fquare root of the fum of the fquares 
of GH and IK ; that is, the perpendicular velocity 
of the ray at A, is equal to the fquare root of the 
fum of the fquare of the perpendicular velocity of 
the ray at its incidence on the point B, and of 
the fquare of the perpendicular velocity which it 
would have at A, Qn fuppofition that it began its 
motion at B from a ftate of reft. And this being 
fo, the courfe and velocity of a ray of light after 
refradion, in pafling out of a rarer medium into a 
denfcr, may be determined in the following maa- 
ner. Let Z be a rarer medium j and X a denfer, fe- pi^ g^ 
parated by the common furface E F, on which let Fig- 9* 
a ray of light ^ A C, fall obliquely, and let AC 
meafure the velocity of the ray in the rarer medium ; 
which velocity is the fame, whatever be the incli- 
nation of the ray. From the center C with the 
radius C A, let a circle be defcribed, in which let 
N M be drawn thro' the center perpendicular to 
EF, and from A let fall A (^perpendicular to EF, 
as alfo AO perpeiidicular to NC The motion of 
the ray in the direftion AC being refolved into two 
others, one in the diredion AO or QC, and the 
other in the direiSioii AQ or O C ^ the line OC 

wiU 
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will theafure the velocity of the perpendicular mo-' 
tion ; and therefore, if C P be taken to denote the 
perpendicular velocity generated by the attrac- 
tion of the denfer medium, the line P O will mea- 
fure the perpendicular velocity of the I'ay in the 
denfer medium ; and forafmuch^ as the velocity of 
the parallel motion is ho way altered by the attrac- 
tion, if C y be taken equal to QJC, and V B be 
drawn parallel to C M, and equal to P O, it is evi- 
dent, that the ray after refraftion, will defcribc the 
line C B, and that the velocity of its motion wiH ht 
meafured by that line. 

As a Corollary^ fronl what has Been proved it 
follows, that the velocity of the refrafted ray in the 
"denfer medium is no way varied by varying the in- 
clination of the incident ray ; for the fquare of B C 
being equal to the fum of the fquares of B V and 
C V, or of PO and AO, and the fquare of PO be- 
irtg equal to the fum of the fquares of CO and PC, 
the fquare of GB is equal to the fum of the fquares 
of AO, CO, and PC ; but the fquares of AO a'nd 
C O are equal to the fquare of C A or CN : confe- 
quently, the fquare of CB is equal to the fum of 
the fquares of P C and CN, which quantities con- 
tinue unvaried, whatever be the inclination of the 
incident ray -, and therefore P N or C B is a given 
quantity -, that is, the meafure of the velocity, and 
of confequence, the velocity wherewith the rayS 
move after refradlion in the denfer hiedium, is at 
Ways the fame, however diffcferitly inclined the rays 
may be to the furfaceof the denfer medium at theit 
incidence thereon. 

The angle ACN, which the line defcribed by thfc 
incident ray contains, with the perpendicular to the 
refrafting furface at the point of incidence, is called 
the angle ef incidence ; and the angle BCM, which 
the line defcribed by the refrafted contains, with the 
perpendicular to the refradling furface at the poirft 
of incidence, is called the angle of refra^iom 

As 
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As a fecond Corollary^ from y7hat has been prov- 
ed it follows, that the fines of thefe angles arc to 
one another ia a gWcn ratio % or, in other words, 
that whatever proportion the fine of any one angle 
of incidence bears to the fine of the correfppnding 
angle of refra6tion, the fame does^ the fine of any 
other angle of incidence bear to the fine of the re- 
fpcdtive angle of refradlion. For fince C B is cut ^1' ^* 
by the circle in the point T, if from B and T, B S ^'^' ^ 
and T R be drawn perpendicular to the radius, B S 
will be equal to A O, which is the fine of the angle 
of incidence, and T R will be the fine of the angle 
of rcfraftion ; and from the nature of fimilar tri- 
anglps, B S is to T R, as C B to C T ; that is, the 
fine of incidence is to the fine of refraftion in the 
fame proportion with two (landing quantities ; con- 
fequently, that proportion is given, whatever be the 
inclination of the incident ray. And what has been 
thus proved, with refpeft to the fines of incidence 
and refraftion, when rays pafs out of a rarer me- 
dium into a denfer, is in like manner demonftrable 
of thofe lines, when the rays move out of a denfer 
medium into a rarer, with this diflference only^ 
that whereas in the former cafe the angle of inci- 
dence exceeds the angle of refraftion, in the latter 
it is exceeded by it j for as the attraction of the den- 
fer medium by accelerating the perpendicular velo- 
city of the rays in their paflage from a rarer me- 
dium turns them out of their way, fo as to bring 
them nearer the perpendicular, fo on the other hanc}» 
by retarding their perpendicular velocity in their 
paflage into the rarer medium, it turns them out of 
their way fo as to remove them farther from the 
perpendicular, as has been already fliewn ; and for^- 
afmuch as the rays are turned out of their way in 
both cafes by one and the fame caufe afting in the 
fame uniform manner, it is manifeft, that in both 
cafes, they muft be equally bent j confequently, as 

y mucj^ 
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mucfi as tiie angle of incidence exceeds the angleof 
refraftion when a ray pafles out of the riarer mediuift 
mto the denfer, fo much muft it be exceeded by 
it, when the paflage of the ray is made the cofttrary 
way. ^ • 

. Now that the Mt df the angle of incidence is ttt 
the fine of the angle of refraftii^ in k given ratio, 
whatei'er be the inclination of the iAcidcnt ray, tMf 
be proved experimentally in the following mittn^. 
Let a brafs quadrant graduated oft both fide*, ^ad 
PI- 8. fixed at its cetiter to a pefpenditdfer piltet In the 
Iig. 10. manner reprefented, ha^e tw6 indices as A and E, 
one on each fide, moveable oh the center C ; and 
let the index A, thereof the ftem D is a contintt- 
ation, be made to poitit to the 15th degree, and 
the index B to the 15th minute 6f the 20fth de- 
gree 5 let then the pillar be immerfed in water, fo 
far as that C E the horizontal edge of the quadrant 
may touch the ifurface of the water, and trpon 
viewing the ftem D ^hich lies within the Mrater, k 
will by reafon of the refraftion feem to have diang-* 
ed its fituation, and appear to lie in the fame plasie 
with the index B. And the farne thing wH lifce^ 
. wife obtain, if the index A be fct at the jcth de-^ 
gree, and B at the joth minute of the 42d 'decree. 
Now in both fhefe cafes, the angle of incidence is 
equal to the angle contained betweefn F C, the per- 
pendicular edge of the quadrant, and the>index A} 
and the angle of refraftion is the angle made by 
the perpendicular edge of the quadrant, and thte 
index B ; fo that one of the angles df incidence 
is 1 5 degrees, and the other 30, and the corre- 
fponding angles of refraftion are nineteen degrees ^ 
fifteen minutes, and 41 degrees 30 minutes •, and 
25, which is the fine of the lefler angle ^of inci- 
dence, is to 33, the fine of the correfpondmg an- 
gle of refraction, as 50, the fine of the greater 
angle of incidence, to 66, the fine of the angle 
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ofrefraftion, which correfponds thereto} as in the 
following Table. 
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Angles of 
incidence. 


Sines. 


singles of 
refraSlien. 


Sines. 


Out pf water i^ito 
air. 

• 


d. 

: »5- 
d. 

30. 


2588 
5000 

2588 
5000 


d. m. 

19- 15 
d. m. 

41. 30 


3296 
6626 

374^ 
731? 


Out of oil of tur- 
pentine into air. 


d. 

15. 
d. 

30. J 


d. 

22. 

d. 

47. 



LECTURE XX, 
Op Colours, 



NATURALISTS were formerly of opinioa, 
that Light was in its own nature fimplc 
ind uniform,. without any difference or variety in 
its parts. And that Colours, which are to be 
the fubjeft of this leAure, were nothing elfe than 
certain changes or nfiodifications of light caufed 
by refraSlionSj reflexions^ ahd fhadows. But Sir 
Isaac Newton, to whom we are indebted for 
silmoft every thing that we know with certainty 
concerning the nature of light, has fhewn from ex- 
periments, that notwithftanding the uniform ap- 
pearance of light, the particles whereof it is com- 
pofed are of different colours ; and that the colour 
of each particle is lading and permanent, fo as not 
to be changed either by refradion or reflexion. He 
has likewife (hewn, that thofe particles which differ 
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as to icobur, differ alfo in degrees of refrangibiL'ty i 
by means whereof, the ra,ys of different colours may 
be feparated fronn each other, and exhibited apart*) 
Let a beann of the fun's light pafs into a darkened 
chamber thro* a round hole as H, about the fix- 
teenth or twentiet4i part of an inch wide, fo as to 
fall direftly on the middle of a double convex lens 
as L, ground to a radius of five or fix feet, and 
placed at the diftance of ten or twelve feet from 
the hole j by which means the image of the hole 
will be projefted to I, on the other fide of the lens^ 
at the diftance of ten or twelve feet morcj^ and there 
appear white and round. Let then a priftn <rf folid 
greenifh glafs as P, be placed clofe behind the lensy 
and in fuch a pofture as that the beam of light may 
fall upon it perpendicular to its axis, which is an 
imaginary ftrait line, running thro* the middle from 
one end to the other parallel to its edges ; this be- 
ing done, the image of the hole, inftead of being 
round and white, and projeded to I, will be long 
and coloured, and caft fidewife from I ; and the 
colours of the image taken in their order from that 
which lies nearcft to I, will be redy orange^ yellow^ 
greeny blue^ purple^ and violet-, as in the image 
MN, where the feveral colours arc denoted by 
their initial letters. 

From the lengthening of the round image by 
the refraftion of the prifm, it is evident, that of 
the particles of light which form the image, fome 
are more refrangible than others j for were they all 
alike refrangible, the diftances to which they are 
thrown fidewife from their firft fituation at I, would 
be all equal, and of confequence, the fecond image 
would be round as the firft. 

As in the coloured fpe5irum the red lies neareft to, 
and the violet farthefl from I, it is manifeft, that 
the red particles in their paflage thro* the prifiq, 
arc puftied out of their way lefs, and the violet 

more. 
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nore than any other ; and confcquently, that the 
red particles have tlie fmalleft degree of refrangi- 
bility, and the violet the greateft; and that the 
particles of intermediate colours have intermediate 
degrees of refrangibility, greater or lefs in propor- 
tion as they lie nearer to the one or the other of the 
two extremes. 

This difference of refrangibility in the particles 
of light, argues a difference likewife in theii: mag- 
nitudes 5 for firtce one and the fame caufe, to wit, 
the attraftion of the glafs, afting upon them all 
with equal force, and under Kke circumftances, 
produces unequal changes in the directions of their 
motions, it muft needs be that they move with un- 
equal forces, and consequently, that their quantities 
of motion are unequal, which inequality of motion 
can arife from nothing elfe but the different fize 
of the particles, in cafe they all xnove equally fwift, 
as they are generally fuppofed to do 5 and that they 
are all perfedly folid, as their power of penetrating 
and dilTolving the denfeft bodies, without fuffering 
any change themlelves, feems to require; confe- 
quently, the particles of light which differ as to 
colour, differ alfo in magnitude ; thofe of violet 
being fmalleft, and the particles of other colours 
increafing continually one above another, as they are 
more, and more removed from the violet, and ap- 
proach nearer to the red, whofe particles are largeft 
of all ; and here it will not be improper to obferve, 
that as the red particles are, of all others, the lar- 
geft, they muft, on that account, a6t with the 
greateft force, and excite the ftrongeft vibrations in 
the nervous coat of the eye; w|iich may be one 
reafon why reds are found to be more offenfive to 
che eyes than any other colour whatever. 

The feven colours whereof the long image is 
compofed are permanent and lafting, and cannot 
poffibly be changed, either by refraftionor reflexion, 
as will appear from the /following experiments. 

U3 Let 
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Let a fmall hole be made in the paper wnereoh t: 
coloured image is formed, thro' which let eacfi 

.the feven colours pafs fucceffively, and falling upo. 
a prifm, be again ref rafted, and they will be foiini 
to continue the fame, without the leaft change ^oi 
alteration ; thus, the red^ when refradled, will con 
tinue totally of the fame red colour as before 5 hei- 

. ther orange^ yellow^ g^^^^r ^/«f^> nor any other new 
colour, will arife from the refraftion ;, and the lijke 
conftancy and immutability will be fqund in the 
other fix colours, whca refrafted fingly arid apart 

^ from the reft. And as thefe colours are not change- 
able by refraftioo, fo neither are they by reflexion ; 
for if bodies of different colours be placed in the red 
light, they will all appear red, and in. the blue light, 

. they will appear blue, in the green light, green, and 
fo of the other colours j in the light of any one co- 
lour, they will all appear totally of that fanne co- 
lour, with this difference only, that infome the 
colour will be more Aror>g and full, in others more 

. faint and dilute, every body appearing moft fplen- 

, did and luminous in the light of its own coloun 
Exp. 3. Thus, for inftance, if a deep red, zs.carminey and a 
full blue, as ultramarine^ be held together in the red 
light, they will both appear red ; but the carmine 
will appear of a ftrongly luminous and refplendent 
red, and the uhramarine of a faint obfcure and dark 
Ejtp. 4.^ red -, and on the other hand,, if they be held toge- 
ther in the blue light, they will both appear blue ; 

. but the ultramarine will appear of a ftrongly lumi- 
nous and reiplendcnt blue, and the carmine of a 
faint dark blue* . ' ^ 

Since the colours of the rays are not capable of 
being changed, either by refradion or reflexion, it 
is manifeft, that if the fun's light confifted'of but 
one fort of rays, there would be but one colour in 
the world ; and by confequence, that the variety of 
colours depends upon the compofttion of* light. It 
is likewife manifeft, that the permanent colours of 

natural 
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yiatural bodies arife from hence, that fome' bodies 
rcfleA fome fort of rays, and others other forts 
tnore copionfly than the reft, and upon that account 
appear of this or that colour* Tl^us miniumj and 
other red bodies; reficft the red rays raoft copioully, 
and thence appear red ; violets^ and all other bodies 
of the like colour, refleft the violet rays in greater 
abundance than the reft, and thence have their coi^ 
iour ; and fo of other bodies, every body refleft-- 
ing the rays of its own colour more copioufly thaa 
the reft, and deriving its colour from the excefs 
and predominancy of thofe rays in the refie&ed 
light 5 for tho* all bodies appear of the fame co- 
lour, when placed together in the light of any one 
colour, yet every body looks more fplcndid and 
luminous in the light of its own colour than in that 
of any other, which puts it paft difpute, that every 
body refleds the rays of its own colour in greater 
abundance, than it does the reft, and thence has 
its colour. . 

As natural bodies appear of divers colours, ac* 
cordingly as they are difpofed to refleft moft co- 
pioufly the rays originally indued with thofe colours, 
fo from the different proportions which the predomi- 
nant rays bear to the reft of the reflefted light, arife 
different ^ades or degrees in thofe colours. Where 
the predominant rays are very numerous in propor- 
tion to the reft) the colour appears ftrong and full 5 
but as the excefs of the predominant rays lefTcns, 
the colour, from the mixture of the other rays, 
abates of its livelinefs, and becomes more faint and 
dilute 5 and when all the rays are equally refleded, 
fo as that no one kind predominates, the colour 
becomes white \ for whitenefs is a mixture of all 
the colours, and it is more or lefs intenfe in pro- 
portion as the reflefted rays are more op fewer in 
number •, all grays^ duns, rujets^ browns^ and other 
dark and dirty colours, down to the deepeft blacky 
U 4 being 
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being but fo many Icflcr degrees of w&V^, and difl^p^ 
ing from perfect whitenefs on no other account bi^ 
that they confift of a lefler quantity of light, and 
conTequently appear lefs glaring and luminous. 

The reafon why bodies reflet this or that kind 
of ray more copioufly than the reft,' and confc- 
quently appear of this or that colour, depends al* 
together on the fize and denfity of the particles 
whereof the bodies are compofed. Particles o£ 
coloured bodies reflefting rays of different co- 
lours according to their different magnitudes and 
denfities, as has been fully proved by Sir Isaac 
Newton, from experiments and obfervations made 
on the colours of thined bodies of air^ water ^ and 
glafs ; by the help of which, he has in the fecond 
book of his Opticksy given us a table, containing 
feven orders^ or feries of colours, together with the 
tbickneffes of the particles of air, water, and glafs^ 
vrhich exhibit the feveral colojir§ in each order; 
which thickncffes are expreffed in parts, whereof 
ten hundred chqufand make an inch. The firft 
-part of that cable is here laid before you ; and by 
.infpefbion thereof, it will be found, that in each 
order of colours, the red is rcflefted by particles of 
tlie greateft thicknefet and that the thickneHes of 
the particles which refleft the other colours, grow 
lefs and le£s, as the colours which they reflect arc 
jnore and more removed from the red* It is like- 
wife manifeft from the fame table, that among the 
particles which rf fleft one and the fame colour, 
xhofe which have the greateft denfity, have the 
Jeaft thicknefs.4 thus^ for inftance, the thicknefs of 
a particle of glafs which rcflcfts the fcarlet of the 
fecond order ^ is tut 12^; whereas, the thicknefs of 
.water which refleds the fame colour, is 14^, and 
diat of air ftill greater, to wit, 19^', fo that the 
tliickneflcs of the particles which refledt any colour, 
increaie as their denfities leffen ; for which reafoq, 

particles 
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idi^arttcles of the fame thrcknefe may rcflcft different 
M colours, provided their denfities be unequal ; thys 
ik' the partides of air which refk<5t the violei of the^^- 
ou: cond crder^ have very nearly the fame thicknefs with 
lact particles of water which refleft the green^ as alio 
G with the particles of glafs which refleft the oravsc 
i^ i©f the fame ^r^^r. 
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From whait has been faid concerning the colours 
of natural bodies, it follows, that if any change be 
made in the fize or denfity of the particles whereof 
a body is compofed, the colour of the. body will 
likewife be changed \ for which reafon, if two cb- 
Jourlefs liquors be. mixed together, they may in the 
mixing fuffer fuch changes in the fize and denfity 
pf their parts from their mutual afbions one upon 
another^ as to become opaque aod cologr^d ; and 

A^ch 
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fuch liquors as arc coloured, may ^ the fame fW* 
fon, when mixed together, either become citmfpa« 
rent and colourlefe, or of fuch a colour as is diSe^ 
fent from the colour of either,, before the mixture; 
iis will appear from the experiment now to be 
made. 

Qokurs produced ^ ibe mxiure of liquors void of 
colour. 

1. Rofated fpirit of wine, and fpirit of vitriol, a Red. 

2. Solution of mercury, and oil of tartar. Orange. 

3. Solution of fublimatc, and lime water, Tellow* 

4. Tinfture of rofes, and oil of tartar. Green. 

5. Tinfture of rofes, and fpirit of urine, Blue. 

6. Solution of copper, and fpirit of fal ar- 

moniack^ Purple. 

7. Solutiop of fublimate, and fpirit of fal 

arnK>niack, ^PJ//^. 

S. Solution of fugar of lead, and the folu- 

tion of ¥itrioL Black* 

Colours arifingfrotH the mixture of fueb liquors as are 
coloured. 

STellow. Tinfture of fafiwn 7 ^^^.„ 

^'iRed. Tinfture of red rofes | ^^^' 

5 Blue. Tinfture of violets ? Crimfon. 
^* tBrown. Spirit of fulphor S ^ ' 

SRed. Tinfture of red rofes 1 
3* IBro^jDn. Spirit of hartfhom 3 

\Btue. Tinfture of violets 7 r^.,, 

^tmue. Solution of Copper i ^^^^^' 

VBlue. Tinfture of violets. \ PurtU 

^' iBluCk Solution of Hungariamritrioli . ^ * 
^SBlue. Tinfture of cyanus 7 -^ 

^'Xsiue. Spirit of ftUrmon. coloured) ^"^^^^^ 

7. Blue. 



Digitized by V3OOQIC 



Blue. 






=f- 



^D 



Digitized by VaOOQlC 






Digitizec ly 



Google 



Of colours. ^bj 

_ ^Blae. Solution of Hungiriah vitriol? ,v,,^ i/«er. 
^- iBrc^n. Lixivium J ^'^"^ X:t. 

Q KBlue. Solution of Htingarikn vitriol 7 p; , 
^•ii?^rf. Tin6tureofrearofcs J ^^^^'^^ 

5 fi//^^- Tihfturc of cyanus 7 n a 

9' I Green. Solution of copper . J ^^* 

Colours changed and refiorid. 

1. A folution of copper, which is Gr(?^», by fpirit 
of nitre is maide colourlefs^ and is again reftored by 
oil of tartar. 

2. A limpid infufion of galls, i^ made Hack hv 
a folution of vitriol, and transparent again by oil 
of vitriol, and then black iigain by oil of tartar. 

3. Tihfture of red rofes, is made Hack by a fo- 
lution of vitriol, and becomes r^^ again by oil of 
tartar. 

4. A flight tindure of rofes, by fpirit of vitriol 
becomes a fine r^^, then by fpirit of fal armoniack 
turns green^ and then by oil of vitriol becomes red 



again. 



5. Solution of verdegreafe, from a green by fpi- 
rit of vitriol becomes colotirlefsy then by fpirit of 
fal armoniack turns a purple^ and then by oil of 
vitriol becomes tranfparent again. 

Among the various Pbanomena of colours, there 
is none nwre remarkable than that of the rainbow^, 
which is an appearance obfervable in thofe places 
only where it rains in the funlhine, and where the 
fpedlator is placed in a due pofuion between the fun 
and the rain, with his back to the former •, for Which 
reafon it is generally allowed, that the bow is made 
by the refraftion of the fun*s light in drops of fall- 
ing rain •, the manner wherein it is formed, has in 
fome meafure been explained by ANxoNitrs de 
DoMiNis, archbilhop of Spalato^ and after him t)y 
D£s Cartes -, but as neither of them undefflroDd 
3 «*^ 
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the true origin of colours, it was impoflible for 
them not to be defective in their accounts ; and 
therefore Sir Isaac Newton, after he had difco- 
vered the true nature and rife of colours, fet him* 
felf to the confideration of this fubieft, and towards 
the latter end of the firft book or his OptUhs^ has 
given a full and fatisfaftory account of the whol? 
matter ; the fubftance of what he has there deliver- 
ed concerning the rainbow is as follows. 
J}- 9* Let a drop of rain, or any other fpherical tran- 

*• '• /parent body,, be reprefented by the fphere BNFG,. 
and let AN be one of the fun*s rays, incident upon 
it at N and thence refrafted to F, where let it 
cither go out of the fphere by refraftion towards 
V, or be reflc6ted to G ; and there let it cither go 
out by refraftion to R, or be reflefted to H, where 
let it go out by refraftion towards S, cutting the in- 
cident ray in Y ; let AN and RG be produced till 
they meet in X. Parallel to the incident ray AN, 
let the diameter B Q^ be drawn, and let B L be a 
quadrant, on every point of which let us fuppofe a 
ray to fall parallel to BQj as the point of incidence 
removes from B towards L, the angle AXR which 
the rays A N and R G contain, will firft increafe, 
and then decreafe; and on the other hand, the 
angle AYS, contained between the rays AN and 
YS, will firft decreafe and then increafe. This be- 
ing fo, if we fuppofe N to be that point of the 
quadrant BL, whereon if the incident ray AN 
falls, it makes the greatefjt angle with the ray GR, 
which emerges after one reflexion -, then all the rays 
which fall on each fide at a very little diftancc from 
N, and go out after one reflexion, will emerge pa-» 
rallel or very nearly parallel to GR ; whereas thofe 
which fall on the quadrant at greater diftances from 
N, will notwithftanding their parallelifm before 
their incidence be fcattered, and diverge from one 
another after their ^mergence. If therefore an eye 
be fituared in the diredlion of the former rays 

whicjj 
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which go out parallel, they will enter it fo copiotifly 
as to exhibit the image of the fun in the drop of 
rain which reflefts them ; but if the eye be fo placed 
as to receive the latter rays- which go out diverging, 
thofe which enter the eye will be too few to excite 
any fenfation ; and, of confequence, the image of 
the fun will not appear in the drop to an eye fo 
fituated. 

If N be the point, whereon if the incident ray 
A N falls, it makesi the fmalleft angle with the ray 
H S, which emerges after two reflexions ; then, as 
before, all the rays which arc incident near N, and 
which emerge after two reflexionsS, will go out pa- 
rallel, and for that reafon, will exhibit the fun's 
image to an eye fituated in their direftion; but 
thofe rays which are incident at any fenfible diftance 
from N, and which emerge after two reflexions, 
■will be fcattered as they go out, and upon that ac- 
count will be too few, and confequently too 
feeble to excite any fenfation in the eye of the 
fpedtator. 

Now, forafmuch as the rays which are of <lif- 
fercnt colours have likewife different degrees of re- 
frangibility, the greatefl: angle AXR which can he 
made by the incident rays, and thofe which go out 
after one reflexion, will be of different magnitudes 
in rays of different colours ; fo likewife will the 
fnfiallefl: angle AYS, that can be made by the in- 
cident r^lys, and thofe which go out after two re- 
flexions ; and it has been found, by computation, 
that in the lead refrangible or red rays, the greatcft 
angle AXR, is 42 degrees and two minutes ; and 
the lead angle AYS, 50 degrees and 57 minutes ; 
and in the mofl: refrangible or violet rays, the 
greateft angle AXR, has been found to be 40 de- 
grees and 17 minutes ; and the Icaft angle AYS, 
54 degrees and 7 minute$. 

Suppofe now, that O is the fpeftator*s eye, and 
PP a line drawn parallel to the fun's rays i and let 

POE 
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Lbct, PQE be dp angle of 40 dcgrcps and 17 minutest 
XX. ^ pOF of 42 degrees 2 n^inutcs, POG of §q der 

* grees 57 ipinutcs, and PQH an anglp pf 54 de^ 
grees 7 minutes ; and chefe angles (urned about 
Cheir copfimon fide, (halj with their other fidps OP, 
OF, OG, and OH, defcribc verges of two rainr 
liows AFQE and CHDG. For if E,, F, G, and 
H, be drops of rain, placed any-whcre in the coni- 
1^1 fMrf^ces defpribed by OE, OF, QG, and OH, 
«ji4 bie iUHfiiinated by the fun's ray^ 5E, SF, SG, 
and SH, the jungle SEO being equal to the angles 
POE, or 40 degrees and 17 minutes, fhall be tjip 
created gngle in which fhe ippQ: fefrangible rays can 
^fter OAC reflexion be refrafted toy^the^eyc^ an^ 
jthcrefore, all the drpp? in the lineOE, fha}^ fend thp 
moft refrangible ray^ n^oft copioufly to the eye, and 
thereby ftrikethe fences with the deepeft violet co* 
Ippr in that regiqn.^ And in like manner, the ang^c 
6FO being equal tp the anj^e POF, or 42 degree^ 
Q, minutes, Jhi^U. jbe the greateO: in wii^c^ the leaft 
refrangible rays after one reflexion can emerge out 
pf the drops-; mid t^refo,re, thofe rays ^lall come 
JTK>fl: o6pioufly to the eye from the dropjs in the lixic 
OF, and ftrike the fenfes with the i^eepeft red co- 
lour in th^c region* And by the %ue argument, 

. >the rays which have interipediate degrees of ^efra^^ 
gibiiity, ^all cpme moft copioufly fr<;vn drops t^- 
xw^fiti E and F, and exhibit the intern^ediate co- 
Jours in, the order which their degrees of refrangi^ 
,bility 4;equirf , that is, in the progrefs from E to F, 
or from the inOde of the bow to t^le oqtfi^^, in thifS 
ordcT^Vfcdeity indigOy blue^ green, yello^^ ^^H^^i ,^4 

. Agaiflf the angle SGO besing equal to t ffij ngle 
FOG, or 50 degrees and 57 minutes, ^aipHp the 
Jdaft. angle in which the lead refrangi^ixay^can 
after two reflexions emerge^out of the «q)mn|, and 
therefore tbe leafl: refrangible rays fl;idl comSttoft 
copioufly to the eye from the drops in the lin^ ' 
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' id ftrike the fenfe wkfc the deepeftr^^ in thtt re- 
gion. Aft4 the aogkSHO, beijcig ^qual tp tthie 
angle POH^ or 54 degrees and ^f ^niaucc$, fli^U 
be the leaft angjle, in which the moft refrangibjie 
-rayjR, ^wsr two feft^on?, can emeige oyt gfdie 
<3ppp/s ; and therefore, thofe rays fhall cptjie moft 
copiouily CO theeyefpom the<]rops in the )ine QH, 
0i\^ ftrUce the feints with the deepeft puflcjt in that 
regiofi. And by the fanpie argumeat». ^he 4rop^ i|i 
tiie regions between G .syid H, fliall ftrike th? ienfqs 
wifihthe inteimcdij^te cplours, in the order whi<ph 
xheir flegpecs of refraogibility rf^quire^tJiat is, m 
^:he progrefs from G tQ H, pr fronfi the iqfide ^ tbp 
bow to the outfidi?, in ihis order, r£4j.Qrang£t yelbip^ 
^mfh H^^% indigo^ an4 molet. An^ fince thefe foiy 
lines OE, OF, OG, aad OH, nwy be fitqated any 
Inhere in tJtie aboveipentioned conical furfaces, .wh^t 
i^ faid of the drpi^ and polours in tbefe line^, is p 
bfe underltood of ithe^i^s and colours everywhere 
in thofc furfaces. Thqs then fhall there be made 
two bows of <:0lour$, an interior and ftrongec jby 
one rei]e>don in the drops^ and an ex|:frior 4n4 
fainter by two, <for the light becqqacs faii^er b^ 
every .neftexion), and 4ihcir <:o1ouj:s fhall be in r^ con- 
trary order to one anqther, the r^iof both ^o^ 
bordering upon the fpace GF, which is between thp 
bofVs. ; vThe trcadtli of the mt^rior bpw fOieafured 
cnofe the colours^ ibaU be one. degree ^d 45 mj- 
nute^, and the breadth of the exterior, fl>all »be three 
degrees 10 minutes, and the diflance jbetween U^n^, 
ihall be 8 degrees ^55 minutes 3 tthe .*greatefl: femi- 
diameter of the inn<5Fmoft, or the angle POF^ be- 
ing 42 d^rees aind .2 minutes, and the ]e,aft femi* 
diameter oif the outermoft, or the angle POG, b^- 
ing 50 degrees and 57 minutes. And thefe are 
the meafures of the bows as chey would 'be^ werethe 
fun but a point; for by the breadth of hi3 body, 
the breadth of the bows will be increafed, and their 
diftance leflened by half a degree \ and fo the 

breadth 
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breadth of th^ interior will be 2 degrees 15 minixttu 
and that of the exterior 3 degrees 40 minutes, a^nd 
their diftance 8 degrees 25 minutes ; the greateft 
femidiaaicter of the interior bow 42 degrees 1 7 mi- 
nutes, and the leaft of the exterior 50 degrees 42 
minutes ; and fuch Sir Isaac Newtom fays he has 
found the dimenfions of the bows in the heavens, 
when he meafured the fame. This explication of 
the rainbow, is confirmed by. the following experl- 
PL 9. ment ; let a glafs globe filled with water, as AB, be 
^^g* 3* hung up in the fun-fbine, with a black cloth placed 
behind it, and let I S be one of the fun's rays inci^ 
dent thereon 5 let the eye of a fpeftator, whofc back 
is to the fun, be placed at O, and let it be dire6t- 
ed to fuch a point in the lower part of the globe, 
fuppofc C, as that a ftrait line drawn from the eye 
thro* that point, and continued on till it meets the 
incident ray likewife produced, may therewith make 
an angle OXI, of 42 degrees a minutes ; and the 
fpeftator (hall then fee a full red colour in that fide 
of the globe oppofed to the fun, as at F ; let then 
the eye be raifed up gradually to P, till the angle 
PZI becomes equal to 40 degrees and 17 minutes, 
and as the eye rifes, it will perceive other colours, 
to wit, yellow, greeuj and hlue^ fuccellively in the 
fame fide of the globe. 

Again, let the eye be placed at Q, and let it be 
direfted to fuch a point in the upper part of the 
globe, fuppofe D, as that a llrait line, drawn from 
the eye thro* that point and meeting the incident ray 
protrafted, may therewith make an angle QSI of 
50 degrees and 57 minutes, and there will appear 
a faint red colour in that fide of the globe towards 
the fun J let then the eye be gradually depreffed to 
R, till the angle RTI is 54 degrees 7 minutes, as 
the eye finks, the red will turn fuccefllvely to the 
other colours, j^//^w, green^ and blue^ a$ in the for- 
mer cafe, upon the raifing of the eye. 

LECTURE 
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L E C T U R E XXt 

Of Dioptricks. 

IN'TENDING in* my next Icifttircto enquire 
into the NATtfRE of Visioif, where I (halt 
have occafion to take notice of Dtfelfive Eyes, I 
(lltsAi m this lc<3rure, by way of preparation, lay be- 
fore you foH^e of the chief properties^ of fuch leHfts" 
or gtafles as. are moft commonly in life for jrfTifting' 
tJefeiftive eyes -, and they are of two forts^ Firft, 
liich as are equally convex on both fides, and fe- 
condly, fuch as are on both fides equally concave. 
The l-brmer fort is ffeprefented in the fourth figure, 
and the lattef in the fifth. 

Lee ABC be an objeft placed before the double pi. g. 
convex lens H K at any diftance greater than the F'g- *« 
fadius of the Sphere, whereof the tem is a fegment ; 
lihe rays, which ifluc from the feveral points of the 
tibjeft', ind fall upon the kns^ will in their paflage 
tjhpo* it be lb bent by the refraftive pov/er of tho^ 
^afs, as to be made to convene at fo many other 
points behind the /^wx, and at the place of their 
coricourfe they will form an image or reprefenta- 
^tion of the objeft -, and this image will be invert* 
ed, becaufe the rays which flow from A^ the uj> 
permoft point of the objetft, are united at F, the 
lowermoft point of the image, whilft thofc which 
flow from C, the lo'Werelt point of the objcd, arc 
brought together again at D, the higheft point df 
the image. So likev/ife thofc rays which iffue 
from the right fide of the obje6t, are unrced in the 
left fide of the image, whilft thofc which proceed 
from the left fide of the objedt/concur in the right 
fide of the image ; as will appea- by placing a light- 
'^d candle before a double convex kns^ at fuch a dif- 
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tance as that the image thereof may be formed an 
a piece of white paper placed at a due diftance be- 
hind the km ; for the flame will appear inverted 
with its point downward •, and if either fide of the 
flame be intercepted by the interpofition of a diark 
body, the contrary fide of the image will be ob- 
fcured. 

With regard to this experiment, I mufl: obfervc 
to you, that tho' there is one certain diftance, at 
which the paper muft be placed, in order to exhi- 
bit the image with the greateft diftinftnefs, yet may 
the diftance be a little varied without rendering the 
image confufed; and it is remarkable, that when, 
the image is projected on the paper at the neareft 
diftance that it can with any degree of diftinftnefe, 
it appears bordered all around with red ; which red- 
nefs continually decreafes, as the paper is more and 
more removed from the lens ; and when it is re-, 
moved to fuch a diftance as is requifite to give the 
image the greateft advantage in point of diftin6t- 
nefs, the rednefs intirely yanilhes, and leaves the 
image equally white all over; but upon a farther 
removal of the paper, the edges of the image which 
at the neareft diftance were tinged with red, do 
pj now appear tinged with blue. If a candle, which 

Fig. 7! is placed at A before the convex lens C D, has its 
image projefted on a paper at E F, fuppofing that 
to be the leaft diftance at which it can be projeded 
diftinftly, its edges will appear red, but upon the 
removal of the paper to G H, they will become 
white ; and when the paper is removed to I K, 
they will appear blue -, the reafon of thefe diflferent 
appearances is this, the rays of light as AC and AD, 
which flow from the candle, being compounded of 
particles of different colours, whereof the red are 
Jeaft refrangible, and the blue moftfo, upon pafling 
thro' the lens^ the blue rays are made to convene 
fooneft, and the red lateft-, as in the figure where 
the blue are denoted by the pricked lines, and the 
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red by the continued ; fo that an image is formed 
at E F, by the concurrence' of fome of the more 
fcfrangible rays, and it is tinged^ arourul its edges 
by the red rays, which converging more (lowly than 
the reft lie outermoft. 

Aftdr the blue rays have Conctirfed, they cro(3 
bne another, and go on diverging towards G H, 
where meeting with the fed rays which have-not 
yet concurred, and there mixing with them and 
the rays of other colours, they produce a white 
icnage, whitenefs refulting from a due mixture of 
all the cblours 5 as they proceed forward toward 
I K, they, by reafon of their greater divergence^ 
^read themfelve^ on all fides beyond the othei* rays, 
and by to doing, tinge the outlines of the image 
blue. 

On the formation of piftufes b^ itieans of a 
doable convex lens^ depend the appearances of the 
camera obfcura^ which is a fmall fquare bo')c with a 
tube iffuing horizontally from one fide, at the ex- 
tremity whereof is fi=xed a double convex lens ; with- 
in the box i^ placed a looking- glafs in a ftanting 
pofition, fo as to be at half right angles with the 
bottom of the box, which is parallel to the horizon. 
On the top of the box is placed horizontally a plate 
of glafs rough on on^ fide, whereon the pictures of 
objefts are reprefented in the following manner. 

Let AB be an objeft placed before CD, the lens PI. ^. 
fixed in the tube which ifldes from the box ; G H ^ig* ^* 
the looking-glafs inclined to the bottom of the box, ^*P' ^' 
in an angle of 45 degrees, L M the plate of rough 
glafs covering the top of the box horizontally. The 
rays which flow from A, the uppermoft point of 
the objeft, after they have paflcd the lensy converge 
towards F, and would aftually meet at that point, 
but that they are intercepted by the looking-glafs 
GH, which reflefts them, and throws them up- 
ward; and forafmuch as the inclination of the rays 
towards one another is no way altered by the reflexi- 
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LEct. or^ they muft meet at fome point as K, as far dil^ 
^ ^^\ ^^^ above thtfpeculnmj as the point F is behind ii> 
^■^'^^^ In like manner, the ray* which flow from B, th^ 
lowed point of the objeft, and which after they hav^ 
paflcd the glafs are tending towards E, beiog re^ 
fitr£tcd upward by the fpeculum^ are made to con- 
vene at I, whofe diftancc above the fpeenltim^ i^ 
«qual to the diftanceof E behind t\\^ fpHullm \ m4 
f& the rays from the extream points A and B, a^& 
made to convene at K and I, ib thofe. which flov 
from the intermediate points of the obje^^ are 
brought together at correfponding points between 
K and I, whereby the imag6 is projected bori^pn-^ 
tally, but with its right and left fides correfpond- 
ing to the contrary fide^ of the object \ as may ap«» 
pear by placing a man before the lensy and caufio^ 
him to ftir one of his hands ; for in the image the 
other hand will appear to move. 

The diftance of the image behind the glafs is al- 
ways varied by varying the diftance of the obj^ft 
before the glafs ; the image approaching as the ob^ 
jedt recedes, and receding as that appro^hes. F09? 
M. 9. if we fuppofe A and C to be two radiating points^ 
>ig- 9- from which the rays AH, AK, and CH, CK fall 
upon the km HK, it is. manifeit, that the rays froa> 
tjhe more diftant point diverge lefs than thofe ftor» 
the nearer point, the angle at A being lefsd:ian.tha| 
att C J confequently, when they pafs thro' the glafs 
they nmft be brought together fooner, and muft 
convene at fome point as B, lefs diftant from the 
lens^ than is the point D, whereat the more di- 
verging rays from the point C are made to con* 
Vene. 

Where the diftance of the objeft and the radius 
of the lens\ convexity are given, and where the 
thickhefs of the lens is but fmall, as is commonly 
the cafe ; the diftance of the image from the /^;»^ 
is determined very nearly, by faying, as the dift^ncq 
c^f the obje<a fromr the len^^ lefltned by the radius^ 
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tff tfie teiis^s cattvexity, is to the raiius^ fb is the 

diftanoe of tht 6bje6l from the kns^ to the diftancc 

of the image from the l€MS\ that is, putting D for 

the diftaAcc of the objedt, R for the radius of the 

conv^exitf) and F for the diftance of the imaq;e, 

RD 
D — R : R : : D : F s confequently, F = n^TR' 

Tfce truth of this rule is demonftrated by the wri- 
ters of DioPTRicKS ; but as all the demonftrations 
which I have hitherto met with arc tedious and 
ikitficite, I (hall not at prefetit trouble you with 
them, but Ihall proceed to confirm the rule by ex- 
periments. 

Let then the flame of a candle be placed at the Exp. 5. 
diftance of twelve feet and an half from a double 
€onvex lens^ the radius of whofe convexity is four 
feet two kichcs ; that is, let the diftanqe of the flame 
from the glafs be equal to thrice the radius^ and the 
image will be projefted behind the krts at the dif- 
tance of fix feet three inches, that is, at the dif- 
tance of a radius znA an half; for in this cafe, R 
being put equal to unity, R D is three, which be- 
ing divided by D — R, that is, by two, gives one 
and ad half in the quotient. 

If the flame be brought nearer to the lens^ the Bxp. i^. 
image will move farther from it, and when the dif- . 
lance of the flai^e becomes equal to twice the radius 
of the kns\ convexity, the diftancc of the image 
^ill bt equal to that of the flame, the lens ftanding 
in the midway between them •, for in this cafe D— R 
is equal to R> and of confequence, F is equal to 
D. 

The flame being placed at the diftancc of the Erp. j . 
radhts^ the diftancc of the image becomes infinite. 
Fot in this cafe D ^^ R is nothing, and F is equal to 

DR 

^ — , which escprcflion denotes an infinite quantity 1 

fy t4iaC m thi$ pafe> tbere will not be. any image of 
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the flame ; but the rays of light which flow from 
the candle, after they have pafled thro' the lensi 
will go on parallel to one another ; and by fo do- 
ing, form a bright circular image, equal in fize to. 
the lensy and the magnitude thereof will remain the 
fame at all djftances from the glafs. 

Where the diftance of the flame is left than the 
radius of the convexity, D — R becomies a negative 
quantity, and fo of cpnfequence does the quotient 
arifing from the divifion of PR by D — R ; yrhich 
fhews, that the place at which the rays meet, lies oq 
the fame fide of the lens with the flame ; or to fpeal^ 
more properly, that the rays after they have pafled 
the Ufjs^ proceed diverging from one another in 
fuch a manner, as if ihty had flov/ed from a point 
before the lens^ more diftant than the place of the 
flame. For the eafier underftanding of which, let 
Fig. 13. the rays AB and AC flow from the point A, whofe 
Pi- 9' diftance from the lens B C is Icfs than the radius 
of the /^»j's convexity ; after they have pafled the 
glafs, they will not continue to go on in the direc- 
tions BD and CE, but in the diredions BF and CG, 
as if they had proceeded from fome point as H, 
more diftant from the lens than is the point A, from 
which they really flow •, fo that in thi3 cafe, the rays 
after they pafs the glafs, go on diverging from one 
another, but hpwevpr they do not diverge as much 
as they djd before they pafled the glafs. 

When the diftance of the flame from the glafs is 
fo great as that neither the breadth of the lenSj 
nor th^ radius of its convexity bears, any fenfible 
proportion to it, then D — R is equal to D ; and of 
qonfequence, F is equal to R •, that is, the diftance 
of the image is equal to the radius of the glafs's 
convexity, and this is the leaft diftance at which an 
image can be projefted by fuch a lens ; and foraf- 
much as the rays of the fun, which by reafon of 
the immenfe diftance of his body are always united 
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at the fmalleft diftance, are apt to burn at the place 
of rheir union -, that place is ufually. called the focus 
or burning poini, and fometimes the abfolute focus ^ 
in contradiftinilion to thofe places whereat the 
images of lefs remote objefts are formed, and 
which are frequently called the refpe^ive foci. 

The length or breadth of an objed, is to the 
length or breadth of its image, as the diftance of 
the objeft from the lens^ to the diftance of the 
image from the lens. For if AC be the length pi. g. 
Or breadth of an objeft, and DF the length or Fig. 6. 
breadth of its image-, AB, which is one half of AC, 
is to FE, which is one half of FD, as BL to EL, 
the triangles ABL and FEL being fimilar. Hence 
it follows, that the nearer an objeft approaches the 
lenSi the larger is its image, the image receding, and 
confequently inlarging, as the objeft approaches ; E^p* 6* 
and thus it appears to be from experiments ; for 
the flame of a candle being placed at a diftance 
greater than the diameter of the/^«/s convexity, in 
which cafe the diftance of the image is lefs, appears 
larger than the image, but being brought within 
the diftance of the diameter, the image, which in 
that cafe is at the fame diftance, becomes equal to 
it; and upon bringing the flame ftill nigher, the 
image becomes larger in proportion to the fquare 
of its greater diftance. Exp. 7* 

The fame thing is likewife evident from the ma- 
gick lantern ; which is a lanterii out of which iflfues 
an horizontal arm, capable of being lengthened or 
(hortened at pleafure, by means of one part Aiding 
in and out of the other ; to the extremity of the 
moveable part is fitted a double convex lens ; and to 
that part of the arm which joins the lantern is 
adapted a glafs, plane on one fide, and convex on 
the other, the plane fide looking towards the lan- 
tern ; in the body of the lantern there is placed a 
candle, whofe diftance from the plano-convex glafs 

X 4 is 



Digitized by V3OOQIC 




Op DIOPTRICKS. 

is fomewhat kfs tban the focal diftance ; fo that xh/s 
iigbt which paflcs thro* that glafs, is throwii v.eiy 
ftxoagly upon little images painted in dilate colours 
on pieces of plane thin glafs •, which being fiked in 
fi ilider that moves to and fro acrofs the arm, ans 
placed at a fmall diftance behind the plano-comxex 
fihfs in an inverted pofition, and by means of the 
Tens in the moveable pat^t of the arm, are prqjedled 
in an eredt pofition* on a paper or white cloth placed 
^t a proper diftance ; if by drawing out the move- 
able part of the arm, the piftures be removed to a 
greater diftance from the kns^ the lantern muil be 
bnought nearer ro the cloth, in order to a diftinft 
reprefcntation ; becaufe, as the ohjed: recedes from 
the lens^ the image approaches, and at the fame 
time the images will be diminifhed. But on the 
other hand, if by thrufting in the arm the pi£tures 
be brought near the lens^ the lantern muft be re- 
moved farther from the cloth, and in this cafe the 
images will appear larger. 

As convex glaOi^s caufe the rays of light to con- 
verge and unite, fo thofe which are concave make 
them feparate and diverge ; for which reafon, if 
diverging rays fall upon a concave lens^ they will 
diverge more after they have pafled thro' it, than 
they did before ; and fuch rays as converge before 
their incidence, will after their paflage* converge 
Tl 9* lefs; for inftance, if the rays AB and AC, which 
^*' ' diverge from A,^ pafs thro* the coacave lens B C, 
they will not go on in the direftions BD and CE, 
but in fome other direftions as BH and CG^ fo as 
to widen faftcr tban before. On the other hand, if 
HB anxl GC be two rays converging towards K, 
after they have palled taro* the glafs, they will iiQ£ 
go on towards K, but towards a more dittant point 
as A, fo as to converge more Qowly than before. 
All which is fully confirmed by experiments. For 
F^V' ^- a candle beipg placed before ^convi^ ltm% fo as to 
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fuiTC its imnge projeAed on a white paper, placed 

at a due diftance behind the Ums^ if a concave glais 
be placed between the convex and the image, ib a& 
that the rays which are converging towards the 
image may pa;is thro' it, the iooaige will thereby be 
tbcowii to a greater dtflance behind, the rays being 
made to converge more (lowlyj and of coniequeoce, 
to meet at a greater diftance than tbey did before 
the concave was interpofed ; and it muft be ob- 
ferved, that as the image b thrown to a greater 
diftance, it muft for that very reafon be inlarged ^ 
and forafmuch as the larger image is compofed of 
the lame number of rays, pr rather fewer, fome of 
the rays being rcfleftcd by the concave /?»/, it muft 
on that account appear lefs bright and luminou$ 
th?in the fmaller. If by the removal of the convex* 
lens^ the rays which flow from the candle be fuf- 
fcred to fall diverging on the concave, and a white 
paper be placed dofe behind the glafs, there will 
appear thereon a dark circle of fome breadth,- occa- 
fioned by the fhadow of the hoop which contains 
the glafs ^ and the circular arm contained within the 
fliadow will be enlightened by the rays which pais 
thro' the glals ; and becaufe all the rays which fall 
upon the glafs do not pals thro* it, fome of them 
being reflcdted, the circular 4irea will appear fome» 
what darker than the other parts of the paper, 
which are expofed to the light of the candle, with- 
out the interpofition of the glafs; upon removing 
the paper gradually from the glafs, the circular area 
vi'iVi gradually iolarg^, and as that inlarges, the 
jthadow which environs ic will grow narrower, and 
at length vaiiiih ; and upon tl^e vanifliing of the 
fliadow, if the paper be removed a little farther, 
there will arifc a bright circle all around the circu- 
lar area^ which will grow broader, but lefs bright, 
as the paper is more and more removed from the 
glafs ^ and at the fame time, the circular area will 
continue to widen, and grow darker. Ail which 
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appearances are the natural and neceflary confe* 
quences of the divergency or fpreading of the rays, 
occafioned by their paflage thro* the glafs ; for the 
farther they go from the glafs, the more they muff 
diverge, and by fo doing, muft on all fides fpread 
themfelves into the place of the fliadow, and render 
it equally luminous with the reft of the area ; and 
when they have fpread themfelves a little beyond 
the limits of the (hadow, they fall upon fuch parts 
of the paper as were before inlightened, and there, 
by their additional light, exhibit that bright circle 
which furrounds the darker area ; and the bright 
circle, by the farther fpreading of the rays, as the 
paper is more and more removed from the glafs, 
grows broader and lefs luminous ; as does likewife 
the circular area^ from the fpreading of the rays 
wherewith it is inlightened. 

Tho' concave glaflcs do not coUeft the rays of 
light, and eonfequently, have not a real focus ; yet 
inafmuch as the rays after they have paffcd thro' 
fuch glalTes, do flow in fuch a manner as that they 
either tenxi to fome point behind the glafs, or ap- 
pear to flow from fome point before it, thofe points 
.are ufually called \.\\tfoci\ and in double concaves 
of equal concavities, the foci fot converging rays are 
found, by faying, as the radius of the glafs's conca- 
vity leflTened by the diftance of the point of conver- 
gence from the glafs, is to the radius^ fo is the dif- 
tancfe of the point of convergence to the focus. And 
the foci for diverging rays are found, by faying, as 
the fum of the radius and the diftance of the point of 
divergence from the glafs, is to the radiuSy fo is the 
diftance of the point of divergence to the focus. So 
that putting F for the focus^ R for the radius^ and 
D for the diftance of the point of convergence, or 

RD 
divergence, F = r=k ; the negative fign being to 

be prefixed to D when the rays converge, and the 
affirmative when they diverge. 
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The demonftration of this Theorem I fliaH for 
|:hc prcfent omit, on account of its tedioufnefs and 
intricacy, and (hall clofe the lefture with this ob- 
fervation ; that if rays which are converging to- 
wards 2L focus be intercepted by a concave lens^ whofe 
diftance from the focus is equal to the radius of its 
concavity, after they have paffed thro' the glafs, 
they will ceafe to converge and become parallel, 
for R and D being equal, R — D is o ; confe- 
quently, F is infinite ; that is, the point to which 
the rays converge, is at an infinite diftance, and 
f he rays of courfe muft be parallel. 



J. E C T U R E XXII, 
Qf Vision. 

MY defign in this lefture, is to explain the Lbct. 
manner of Vision with the naked eye •, and XXII.^ 
likewifc to (hew you, what affiftances the fight re- 
ceives from glafles ; and in order thereto, 1 ihall 
give you a Ihort defcription of the eye. 

If a fmall portion be cut off of a globe, and in 
the room thereof a portion of a fmaller globe, but 
pf an equal circular bafe, be fubftituted, the com- 
pound will exhibit the true figure of the eye ; for 
it is of a globular form, but more convex before 
than in any other part. It confifts of feveral mem- 
branes which lie contiguous one to another, of which 
,the outermoft is cMcd the funica adnata or conjunct 
tiva ; it has its rife from that membrane .which in- 
vefts the fkuU, and it covers the whole ball of the 
ieye, except the foremoft tranfparent part, that 
portion of it which is vifible, is called the white of 
the eye. Befides, this membrane, which is not 
reckoned among the proper coats of the eye, there 
are three others, which conftitute the proper coats ; 
the firft of which is called tht fclerotica^ it is a tough 
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lottufbrane derived from the dura mai&^ which 
paiSes to die eye from the brain along with the op- 
Hd Mrvt^ and is thence propagaiced over the wlmle 
globe of the ey^ ; on the fore part it becomes trao^ 
{>arent1ijce thin polifted horo, ivhich has given 
anatomifts occafion ^ make two ^membranes of k^ 
T^/ 9« md to call the trartfparent part xprnea ; this pait is 
Fig. I a. i^prefetatcdbyABF. 

The fecond mcnibrane, called tunica iburoides^ n 
derived from the pia tnat^r^ and tranfmittcd like- 
wife from the brain along with l\vt optick uerve \ 
this is much thinner and tenderer than the former^ 
and tinged on the hinder part with a black liquor. 
The fore part is called the uvea^ and fotnetimes the 
/>if, from its variety of cdburs. In its. middle is a 
fmall hole called the fight or pupil ; the iris confifts 
of feveral circukr concentrick mufcular fibres, 
which are cut acrofs at right angles by other ftrait 
fibres in the manner of fo many raiU*^ by the coit- 
traftion of the former the pupil is lefieiied, and is 
inlarged by the contraftiofi of the latter. 

The third coat is ufually called the reiiM, and 
fometimes the nervous coat^ being nothing elfe but 
the optick nerve^ which fpreads itfelf in the form of 
a membrane over the bottom of the eye, ovcr- 
againft the fight. Thefe coats lyi-i^g conrig«iou6, 
foi-m a capfula or bag, wherein arc contained the 
three humofi of the eye, called the aqueous^ the 
iShry^Uine^ and the vitreous^ 

At a little diftance behind the pupil is plaeed the 
chryltalline humor, which is cmv^x on btM^ fidei, 
but Ibmewhat flatter be6>re than behind ; k is iap^ 
ported by fmall tniafcdlar fibres, c^led the dtioff- 
Jig4r;%ents^ which are inferted into the edges of the 
f hryftdiine humor at one end, and at the othef^ 
i^o the lunica chorMis^ and being ciofely united, 
forrti a kind of membrane, whereby the canity irf 
tht eye is divided inco two parts ; in the foreraoft 
4^ which i^ lodged the c^uiom humor^ lb called, 
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hcctofe in coxAAtnct ^nd cok)w k foi^ewM i*- Lect. 
fembles water, being almoft equally lifnpid am) XXfl. 
tran<iw«ft«< I» tW biftcJmoft is locjgod tbe vitri$tts ^^-^V""Hr 
iblfi^r, "tnhich hais it^name froin the refefRblaBce tt 
i* iVippc^d to beaa^ to mjdied giafs. 

It ba3 beei* generally thought l^anatomifts^tftat 
the bp^sQrs c? the eye aru of different denfitic^^ 
and that the ckyft^lfeie is rawh more denftr rh^ 
either of tl^ oBh^ two 1 bin Poftor Rq^ihson h« 
kiformeij^ U3^ mi hrs kfture upon the eye, that upoai 
weighing thjefe hiinaors io a» hydroftaticaJ bft^ 
kncei. fcS fotiad the a?/w*f^ and vHnmi oer be very 
oearl)^ of the fiiw fjxr cificfc gravity v and dial thi^ 
Ipecifick gravity of the chryftalUne» did aoc ex- 
ceed the fpccifick gravity of the others., in a grat- 
er puoporlioQ than that of eleven to ten •, v^eace' 
it fdBowSk that the chryftalliae is not ©f fucfc grc«ft 
ufe tsi brbgtng the rays together, and^. therejjy 
JQirmiog on the m/»« the pi^uises of outward ob** 
jefts^ ^ \t b^ beoti cotprwonly thought to he by 
ofttkai wriiers •, for tho' m ftn^^c it refembles 2^ dou^ 
Irk c^wfisf hnuwd on ^a« ai^count is fitted tx> niab«r 
die rays converge,, yet forafmuch as it is fituate4f 
between two humors^ which are nearly of the 
feir» dj^ifity with irfelf, it can have but llttk ^c^ 
on «be paiTcielcs of light •> for they are found by cn^ 
pcrience, tO' be refraiQ^ed very little in paffing OM 
<rf on^ meditm into another, when the difFerwiec in 
the de^ities of the mediums is but fmaH. 

Behind all the co^s and hunfK>rs is fituatcd tb« 
0fifick mrvey which pafies out of the (kult thro" » 
ftwall hek in the bottom of the orbU which contains 
the eye. O reprefcnts th^^ick nervey SS the fck- pj. g^ 
rojiidk or otuernRoft coat/whofe foremoft cranfpa^ Fig, 1^ 
rcM P^^ ABF, is the CQrn^ay CC is the cbomdis^ 
the fbre pn^rt wh^ereof AP, and FP eonftltutes the 
H%ea Of iw, with the pupil^PP in the middle ^ RR 
ia ih« retina^AU and F E the dliarj lig&n^niss I^E. 
6 the 
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the cbryfialline humor ^ VV the vitreous humors arid 
WW the watfy humor. 

Underneath the white of the eye are infertcd in- 
to the yr/^^/zV^ fix mufclei, which take their rife 
from different parts of the orbit, and are diftin- 
guiihed by different namei, taken from the diffe- 
rent motions which they give the eye ; their ten-^ 
dons fpread themfelves over the fclerotica^ fo as ta 
terminate in the confines of the cornea j by which 
means, when the fix mufcles aft together, they prefs 
the fides of the eye towards each other, whereby 
the eye is lengthened, and at the fame time the 
convexity of the cornea is increafed ; both whicb 
cflfefts are in fome cafes abfoiutely neeeflary in or- 
der to diflindt vifion, as will appear prefently. 

Having given this fhort account of the confli-^ 
tuent parts of the eye, I now proceed to lity before 
you, the manner of vifion. If an objeft as A B, be 
placed at a convenient diflance before the eye, the 
rays which flow from the feveral points of the ob-. 
jeft, and falling on the cornea pais thro* the pupil, 
will be brought together by the refraftive power of 
the eye on fo many correfponding points of the 
retina^ and there paint the image or reprefemation 
of the objeft, in the fame manner as the images of 
objeds placed before a convex lens are exhibited on^ 
white paper, placed at a proper diftance behind. 
P|' 9' Thus the rays which flow from the point A, ^are 
^ig* '3» united on the retina at C, and thofe which iffue 
from B, are colleded at D ; and in like manner, 
( the rays which proceed from the intermediate 

points of the objeft, are again united at fo many 
intermediate points on the retina. On this union of 
the rays ait the bottom of the eye, depends diflinft^ 
PI. 9. vifion, for fhould they be united before they arrive 
Pl^io^' at the retina^ or fliould the point of their union lie 
Fig. /• beyond the retina^ it is evident, that the rays from 
each point mufi; take up ibme fpace on the retinoi 

and 
2 
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t Txi- of confequence, thofe which flow from c6nti- 
• uous points of the objeft will be mixed and blend- 
ed together on the fund of the eye, fo as to exhi- 
>it a confufed reprefentation of the objeft. 

Now forafmuch as the rays which fall upon the 
eye from radiating points, whofe diftances from the 
^eye are difi^erent, have difiirent degrees of diver- 
gence, the divergency of the rays increafing as the 
diftance of the radiating point leflTens, and leflen- 
ing as that increafes ; and whereas thofe rays which 
have greater degrees of divergence, require a ftrong- 
er refradive power to bring them together at a 
given diftance, than what is requifite to make thofe 
meet which diverge lefs, it is manifeft, that in or- 
der to fee objefts diftindly at different diftances,. 
the eye muft have a power of increafing and leflen- 
ing its refraftive force, and thereby of adapting its- 
fclf to the different diftances of objefts ; and this 
it does by means of the fix mufcles which are in- 
ferted into tht fclerotica -^ for when a radiating point 
is placed fo near, as that the rays which iffue from 
it fall upon the eye with a confiderable degree of 
divergence, the mufcles aft ftrongly on the eye, 
whereby the cornea is rendered more convex, and 
of confequence rcfrafts the rays with greater force ; 
befides by the lengthening of the eye from the joint 
aftion of the mufcles, the retina is removed to a 
greater diftance from the cornea, by which contri- 
vance, the rays are made to convene at the retina, 
notwithftanding the great degree of divergence 
wherewith they enter the eye. As the radiating 
point recedes from the eye, and the divergency of 
the rays of courfe grow lefs, the mufcles relax 
themfclves in order to leffen the convexity of the 
cornea, and to Ihorten the eye, a lefs convexity of 
the cornea, as alfo a lefs diftance between the cornea 
and retina, being requifire to diftinft vifion in greater 
diftances of the objeft than in fmaller. 

Tho' 
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Lect. Thf^' moft mens eyes are fe framed as tx>be a&fc 
XXK, 110 (^^ diftmftly at different diftanccs, yet fome there 
^"^ y are which arc defeftive in this point, as being tmabl^ 
to fee any tWng diffiinftly but when placed very 
near ; and this is the cafe of tfheir eyes wKd Jtrc 
calkd ffffop€Sy purblind, or Ihon-fighced; in ftich 
the eemea is too convex in proportion to the length 
of the ^ye ; for which reafon, all thofc rays wfiich 
iflfbe from diflrant poinw, afnd of conftquenee diverge 
but Httle when they enter the eye, are made tacon- , 
vene befbre they reaieh^ the retina. As thefc menr 
^vance in years, their eyes Kkc thofe of other oltf 
rften, fer want of a due fi^pply of burtiors, ^bate 
of their convexity and grow flatter ; upon which 
account they begin to fee objefts diftintStly at a dif- 
tance, without the help of ^(Saclesi and are for 
that reafon deenied to have the moft ktffing eyes. 

By the help of concave glaffijs, purblind perforts^ 
may fee diftant obje^ diftincftly ; for as ir is th<f 
property of fech glaflts tb mafce the rays dWerge, 
if the rays which flow frtym a diflhinrpoint, and fell 
upon the eye with a^fmall degree 6fdivergente, be 
made to pafs thro^ a concave l^ms of a proper con- 
cavity, they will thereby be made tb diverge fo 
much, as that the eye, rwtwithftanding the great 
convexity of the cornea^ Ihall not be able to bring^ 
them together till they^ arrive at tlie retina. 
M. 10. If CD' be a concave /by, and if B be the foots o( 

f^g' 2' the rays which flow from the point A •, that i?, if 
the rays which diverge from A, pafs thro' the girfs, 
and by thp refraftion which they fuffer in their paf- 
ftge, proceed in fuch a manner as if they had di^ 
verged from B; and if the diftance ^ which 5^^ 
purblind perfon fees diftinftljr with his naked ryf, 
be equal to the diftance of B frorfi the glarfs, fuch 
a perfon will by the help of the giaft CDi be abte to 
fee the point A difl:in6tly ; bccauft the rays which 
flow from A, after they pafs thro* the glafs, fall 

wpoa 
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upon his eye with the fame degree of divergence, Lgct. 

as if they had iflued from B, the pdint of diftinft XXII. 

viGon. Hence it follows, that if in the Theorem laid ' ^ 

down in my laft Icfture, for finding ihtfoeus of 

double concaves expofed to diverging raysj namely 

RD 
F i:: T> . Q f wherein F denotes xhtfocus^ D the 

diftance of the point of divergence, ahd R the m* 

dius of the concavity, we fuppofe F to denote thie 

diftance at which the purblind perfon feesdiftinftly 

without a glafs, and D the diftance at which he fees 

diftindlly by the help of the glafs, by clearing R 

FD 
wc fhail have R =Qmp»'that is to fay, the 

radius of the concavity of a double concave of 
equal concavities, which enables a purblind perfon 
to fee an objeft diftinftly, when placed beyond the 
reach of his naked eye, muft be equal to a redlangle, 
under the diftance at which he fees diftinftly with 
his naked eye, and the diftance at which it is re- 
quired he fliould fee diftinftly by the help of tht 
glafs, divided by the difference of thofc diftancei. 
For inftance, if a perfon with his naked eye can 
read at the diftance of three inches only, and it be 
required to find the radius of fuch a glafs as fliall 
enable him to read at the ufual diftance of eighteen 
inches j in this cafe, F being equal to three inches^ 
and D to eighteen, their produd is ^4 ; which be- 
ing divided by their diflFerence, which is 15^' gives 
three and 4* in the quotient, which ftiews, that 
the radius of the glafs muft be three inches and 
4ths nearly. 

Where the diftance at which it is required the 
purblind perfon ftiall fee diftindtly is infinite, or in 
other words, where it is fo great, as that the diftance 
to which the power of his naked eye reaches, bears no 
fcnfible proportion to it, there D — F becomes equal 
to D, and of courfe, R becomes equal to F 5 lb 
Y that 
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that in order to fee fuch objeds as are very remote, 
purblind perfons muft make ufe of concave gUflcs, 
whofe radii are equal to the diftances at which they 
fee diftinftly with their unarmed eyes. 

As purblind perfons cannot fee remote objefls 
diftinftly, fo on the orhtrr hand, thofe who are old 
cannot, generally fpeaking, fee fuch as are nigh ; 
the reafon of which is, that in old men the cornea^ 
far want af a due fupply of humor to plump out 
the eye, has not a degree of convexity fufficient to 
bring the rays together on the retina^ when they 
fall upon the eye with a confiderable degree of di- 
vergence ; as is the cafe of all thofe rays which flow 
from points fituated near the eye. The proper re- 
medy for this defedt is a convex lens^ becaufe it Icf- 
fens the divergency of the rays, and brings then* 
nearer to a parallelifm. If with refpeit to the 
?1. 10. convex lens CD, A be the focus of the rays which 
'e^- 3* diverge from B •, that is to fay, if the rays which 
flow from B and pafs thro* xiit lensy do afterwards 
proceed in fuch a manner as if they had diverged 
from A, and if the diftahce at which an old man 
can fee difl:in6tly with his naked eye, be equal to 
the diftance of A from the glafs, he will be able by 
the affiftance of the glafs, to fee the nearer point B 
diftinftly-, becaufe the rays which ifFue from that 
point in pafllng thro' the glafe acquire the fame de- 
gree of divergence, with thofe which flow from A, 
the point of diftinft vifion, and of confequence, 
may as eafily be brought together on the retina^ by 
the refra&ive power of the eye ; hence, if we take 
the theorem laid down in my ltd lefture^ for find- 
ing i\kfoci oi double convexes of equal convexities, 
and fit it to the cafe before us, where the focus is , 

RD 
imaginary, by making F = ^^_|^, if then wc 

fuppofe F to denote the diftance at which an old eye 
fees diftinftly, and D the nearer diftance at which it 

is^ 
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h required to makfc it fee diftinftly with the aflift- 
ance of a e;lafs, by clearing R, we Ihall find it 

FD "^ 

equal to fr—yi' So that the radius of fuch a dou- 
ble convex of equal convexities as enables an old 
man to fee a nigh objeft diftinftly, muft be equal 
to a redlangle under the diftance at which he fees 
• diftinftly with his naked eye, and the diftance at 
which he is td fee by the help of the glafs, divided 
by the difference of thofe diftances. To illuftrate 
'this by ah exarnple ; fuppofe an old man cannot 
with his naked eye read ^t a lefs diftance than of 
four feet, and it is required to affign the radius of 
fpeftacles which fhall enable him to read at the dif- 
tance of a foot and a half; in this cafe, F is four 
feet, and D is one and an half, and their produft is 
lix, which when divided by their difference, to wit, 
two and an half, gives 2 A in the quotient; which 
ihews, that the fpeftacles muli be ground to a ra- 
dius of two feet and four tenths. 

If F be infinite, which is the cafe where the eye 
tin fee nothing but what is extremely remote, then 
F — D is equal to F, and of confecjuence, R is equal 
to D ; (o that where an old man can fee no objeds . 
diftinftly but fuch as are very far off, in order to fee 
diftinftly at nearer diftances, he . muft for each 
diftance ufe fuch fpeftacle glaffes as have their radii 

.equal to the diftance. 

p 

If D be given, theft R becomes equal to «—- ; 

and forafmuch as the proportion of F to F — i in- 
creifes as F leffcns, R muft do fo too, which (hews, 
that where the diftances at which two old eyes when 
unarmed can fee diftindlly are different, in order to 
make them fee diftin&ly at any leffer given diftance, 
the eye which can fee at the fmaller diftance muft 
be furnifhed with a glafs of a greater radius than 
the other. And herein lies the whole fecret of 
youiiger and older fpeAacles, tbofe being deemed 
Y2 the 
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the youngcft, which arc ground to the largcft 
radius. 

Having fhcwn you of what ufe both convex and 
concave glafles are in affifting defedivc eyes, I fhall 
now lay before you the alterations which they pro- 
duce in the appearances of objcfts •, and Firft, as 
to convexes \ if an objeft be viewed through a convex 
kns^ at a Icfs diftance than the focus ^ it appears more 
remote and bigger than it does to the naked eye. 
That it muft appear more remote, wiU be evident, 
if we confider what has been already proved in a 
former ledture, namely, that where rays fall upon 
a convex lenSy from a point lefs diftant than ibt focuf^ 
after they have pafled the glafs, they proceed in fuch 
a manner as if they had iffued from a more diftant 
point 'y and fince this is the cafe of the rays which 
flow from each point in the objeft, the objeft muft 
of confeqnence feem to be more diftant than it is ,. 
PI. i<3, and it muft likewife appear greater ; for if A B be 
l?ig. 4* an objeft expoled to a naked eye at O, its extream 
points A and B wijl be perceived by the eye by 
means df the rays AO and BO, wliich Sow direftly 
from thofe points to the eye, but if a convex km as / 
C, be interpofcd, the eye will no longer perceive 
the extremities by means of the rays AO and BO, 
becaufe as they are refrafted by the lens^ they are 
made to concur before they can reach the eye ; the 
eye therefore ro^^ft now perceive thofe points by 
means of fomc other rays as A E and B D^ which 
falling upon the glafs at a greater diftance from each 
other» are by the refra<5tive power of the glafs 
thrown into the direftions EO and DO, and made 
to concur at O •, fb that continuing thofe. lines di- 
redly backward a& far as the obj,e£ty to wit, to I and 
H, the eye at O will perceive the extream points 
of the ohgeft as fituated at I and H •, that is, it will 
perceive the objcft magnified. And if the eye be 
farther removed from the glafs fuppofe to P; the 
Dbjeft will appear ftill; greater, its cxtre^iides i^ 

that 
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that cafe apj^eariug at L and K in the lines PG and Lect. 
PF produced. And on the other hand, if the eye XXII, 
continuing in its place, the objeft be farther remov- 
ed from the lens^ it will appear larger; for whereas" 
at the nearer diftance the eye perceives the extream 
points of the objeft by means of the rays AE and 
BD, which fall upon the lens at E and D, and are 
thence refrafted to 0-, when the objeft is at the 
greater didance, its extremities cannot be feen by 
ineans of the rays incident on the glafs at E and D; 
for fince the interval between the extremities conti- 
nues the fame, the rays which flow from them and 
fall upon the lens at E and t), will diverge lefs at a 
greater diftance of the objeft than at a fmaller; . 
confequently, they will concur before they reach 
the eye-, and therefore in this cafe the extream 
points of the objcrft muft be conveyed to the eye by 
fome rays as aG and bF, which diverging more 
than the former, fall without them at G, and F, 
whence th<^ are refrafted to the eye at O, in the 
lines GO and FO, which being continued back- 
ward as far as the nearer diftance of the objeft, to 
wit, to L and K, (hew that the objeft which at.the 
nearer diftance appeared to extend itfelf only from. 
I to H, does at the greater diftance feem to reach 
Siom L to K, and of confequence, appears more 
magnified^ 

if the objeft be removed beyond the focus^ it 
will appear ftill greater ; but whereas before it pafles 
the focus it appears diftinft, as alfo more and more 
diftant the farther it is removed from the glafs, 
when it gets beyond the focus it appears confufed^ 
. and the farther it is removed from the glafs, the 
more confufed it appears, and the nearer it fcems to 
approach the eye, provided its diftance from the 
glafs be not fo great as to make it projeft its image 
between the eye and the glafs. 

^This feeming approach of the objeft at a time 

wh^n it really recedes, and in a cafe where, accord- 

Y 3 ing 
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ing to the recdved principles c( Dioptricks^ it oughe 
to appear at a diftance, if poflible more than infi- 
nite, has very much puzzled the writers of opticks^ 
and was looked upon as an infuperable difficulty, 
till Doftor Berkeley took it into confideration' 
in his Ejlfay upon ViftOft^ wherein, among other dif- 
ficulties which he has cleared up relating to vifion, 
he has given us a natural and fatisfaftory account 
of this. The fubftance of what he has there deliver- 
ed concerning this matter is, that by cuftom and ex- 
perience we are taught to judge thofe objefts near 
which appear confgfed, bccaufe, according to the 
ordinary courfe of nature, thofe objefts, and thofe 
only, appear confufed which are brought very near 
the eye, and therefore if an obje6l fhall at any 
time appear confufed, tho' from another caufe^ the 
mind will immediately conneft nearnefs of diftance 
in the objeft, with that confufion in the appearance, 
as having always experienced them to go together; 
and the greater the confufion is, the nearer it will 
judge the obje6t to be, becatife it has always obr 
ferved the neareft diftances to be attended with the 
greateft confufions : now if in the cafe before us, 
PI. 1?. we fuppofe A to be an objeft placed before the 
fig. 6. Comdex lens BC, at a greater diftance than the focus^ 
the rays after they have paflcd thro' the glafs will 
converge towards fome point as D ; if then an eye" 
be placed at a little diftance behind the glafs, fupr 
pofe'at E, it will perceive the objeft confufed, be- 
caufe as the rays fall upon it converging, they will 
be made to meet before they arrive at the fund of 
the eye, and confequently, will be fcattered on the 
retim^' and thereby render 'the appearance confufed ; 
if the eye be moved gradually backward to F, G, 
and D, or which is the fame thing, if by carrying . 
the objedl: forward, the rays be made to fall upon 
the eye at lefs and lefs diftances from the focus^ they 
wilfbe fcattered more and more upon the retina^ be- 
f aufe the convergency wherewith they fall upon the 
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^e is by fo much the greater, by how much the 
nearer the eye is placed to iht focus or the point D;' 
confequently, the objeft as it is more and more re- 
moved from the glafs, will appear more and more 
confufed ; for which reafon, the mind which has 
been ufed to conneft nearer diftances with greater 
decrees of confufion, will in this cafe judge the ob- 
je6l to approach, tho* in reality it recedes; and what 
fully confirms this is, that if by placing a concave 
glafs ac a proper diftance between the eye and the 
convex, the convergency 6f the rays be taken off, 
and the appearance thereby rendered diftinft, the 
objeft will then appear at its due diftance. 

If an eye be removed from a convex lens beyond 
the place where the image is projtrded, that is, if 
the ej'c be farther from the lens than is the point D, PI. lo. 
the objeft will appear in an inverted pofition, ^ ^S* ^• 
and feem to be fituated between the eye and the 
glafs; for in this cafe, the eye fees only the image 
or reprefentation of the objeft, which, as I (hew- 
ed in a former lefture, is projefted at D in an in- 
verted pofition ; upon looking at the image with 
both eye«, it appears double, and upon (hutting ei* 
ther eye, the image on the contrary fide difappears; 
the reafon of which is this, the eye at O perceives 
the image by means of the rays O D C, and there- 
fore f<res it on the fame fide with C, whereas the 
eye at P perceives it by means of the rays PDB, 
and on that account fees it on the fame fide with B; 
•as the head is moved farther back, the diftance be- 
tween the two images muft decreafe, and at lengtfi 
vanifh ; for fince the interval between the eyes con- 
tinues urivaried, the rays which exhibit the image 
to each eye, will diverge lefs and lefs as the head 
is more and more removed from D, as is evident 
from the bare infpedion of the fcheme ; confe- 
quently, the diftance between the two images muft: 
continually decreafe, and at laft become fo fmall as 
io be infer. fible. 

Y 4 Aa 
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As to concave glaflfes, fince it is their property 
to make the rays which flow from any point 
to diverge, in fuch a manner as if they had ifTyed 
from a point lefs diftant, it is evident, that an ob? 
jeft feen thro' a concave lens muft appear nearer than- 
it really is, and it muft likewifc appear dimini(hed j 
PI. lo, for the extream points of the objeft A B, are feen 
f^Z' 7' by the naked eye by means of the rays A O and 
BO, which when the concave lens CD is interpofed, 
are made to diverge, fo as not to meet at 0» con- 
fequently, upon the ipterpofuion of the glafs, the 
' eye will not perceive the extremities of the objeft by 
thofe rays, but by fome others as AK, and BL, 
which falling within the former, are by the refrac- 
tive power of the glafs made to proceed in the 
lines KO and LO, fo ^s to meet at O; whe#efore 
continuing OK and OL backward to the objeft, 
the extremities of the objeft will be feen at E and 
F, that is, the objeft will appear to be lefs than it 
really is ; and by the fpreading of the rays in their 
pafTage thro' the glafs, fome of them are made ta 
cfcape the eye, which if the glafs were removed, 
would fall upon the pupil ; for which reafpn, the 
objeft muft appear lefs luminous •, fo that the pro- 
perty of concave glafles is to make objects appear 
fmalkr, nearer, and more faint and obfcurc, thaq 
thfey do to the naked eye. . 



. ?. E C T U R E XXIII. 
Of Catoptricks. 

Lect. TN this leAure, wherewith I fhall clofe this coiirfe, 
XXIIL A I fhall explain to you the J)o£irine of Catop- 
' " TRICKS, 01" that part QfOpficks which treats of the 

reflexion 
5 
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refie<5lion of light ; in doing of which, I (hall firft' 
fay (bmcthing concerning the caufe of that reflexi- 
on ; Secondly, I ftiall lay down two principles, 
which are the chief foundztion of Catoptricks -^ and 
laftiy, I (hall lay before you the moft remarkable 
properties of plain and fpherical mirrors. 

As to the firft, before Sir Isaac Newton pub- 
lilhed thofe wonderful and furprifing di(coveries 
which he made, concerning the nature and proper- 
tics of light, it was an opinion generally received 
by the writers of opticks^ that the rays of light 
were reflefted in the manner of other bodies, by 
ftriking on the folid and impervious parts of bodies ; 
but that great Philofopher has fully proved this opi- 
nion to be erroneous ; and has fbcwn, that the par- 
ticles of light are turned back before they touch the 
reflcfting body, by fome power of the body which 
is equally difFufed all over its furface; what he has 
delivered concerning this matter, is to be met with 
in the eighth Propafition of the fecond Book of bis 
Opticks^ wherein, after ^e has .offered feveral reafons 
to prove, that light is not refledled by ftriking 
^gairift bodies, he at laft exprefles himfelf in the fol- 
lowing manner •, " Were the rays of fight reflefted 
*' by impinging on the folid parts of bodies, their 
" reflexions from poliftied bodies could not be fo 
^' regular as they arcj for in pplifhing glafs with fand, 
'^ putty, or tripoly, it is not to be imagined, that 
^' thofe fubftances can, by grating and fretting the 
^ glafs, bring all its leatt particles to an accurate po- 
•• lifli, fo that all their furfaces fliall be truly plain, 
'* or truly fpherical, and look all the &mc way, fo 
^' as together to compofe one even furface. The 
" fmaller the particles of thofe fubftances are, the 
*' fmaller will be the fcratches by which they con- 
" tinually fret and wear away the glafs until it be 
" poliflied 5 but be they never fo fmall, they can wear 
^^ away the glafs po otberwife than by grating and 

•' fcratching 
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Lect. ** fcratching it, and breaking the protuberances, 
XXIII. " and therefore polifh it no otherwife than by bring- 
^"*^^'**^ *' ing its roughncfs to a very fine grain; fo that the 
** fcratches and frettings of the furface become too 
*' fmall to be vifible. And therefore, if light were 
*' refledted by impinging on the folid parts of the 
** glafs, it would be fcattered a^ much by the moft 
*^ polifhed glafs, as by the rougheft. So then it re- 
*• mains a Problem^ how glafs polilhed by fretting 
*^ fubftances can refleft light fo regularly as it does; 
*^ and this Problem is fcarce otherwife to be folved, 
** than by faying, that the refleftion of a ray is efFed:- 
*' ed, not by a fingle point of the reflefting body, 
*' but by fome power of the body, which is evenly 
** difFufed all over its furface, and by which itafts 
^* upon the ray without immediate conta6b.'* 

Now taking it for granted, that this repelling 
power is the true caufe of refleftion, if it be fup- 
pofed to aft upon the rays of light in lines perpen- 
dicular to the furface of the reflefting body; it 
will thence follow, that the angle of incidence, or 
the angle contained between the incident ray, and a 
line drawn perpendicular to the refle£ting furface at 
the point of incidence, is equal to the angle of re- 
flexion, or the angle contained between the fame 
PU 10. perpendicular and the reflefted ray. For if we fup- 
l^ig- 8. pofe a ray of light to move in the direftion A C, 
towards the refiefting furface BCD ; and if we fup- 
pofe that motion to be reJblved into two, one in the 
dircftion AE, parallel to BD, and fhe other in thae 
direftion A B, perpendicular to B D, it is manifeft, 
that of thofe two motions, the latter only is oppo* 
fed to the repelling force ; and of confequence, the 
ray .after reflexion, will go on in the parallel direfti- 
on, "with the fame velocity it did before ; and for- 
afmuch as the repelling force which oppofes the per- 
pendicular motion, afts inceflantly, it no fooner de^ 
fl:roys the motion of the ray towards- the body, but 
IP it 
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It gives it an equal degree of motion the contrary Lect, 
•way ; that is, it throws it back with the fame per- XXIII. 
pendicular velocity wherewith it approached. If ' "^^^ 
therefore EG be taken equal to A E, and from Q 
be let fall G D equal and parallel to AB, EG will 
cxprefs the parallel motion of the ray after reflexi- 
on, and D G its perpendicular motion ; and the 
diagonal line CG, will be aftually defcribed by the 
ray, by virtue of its Compound motion ; and from 
the nature of fimilar triangles, the angle of inci- 
dence ACE, muft be equal to ECG, the angle of 
reflexion ; and this is the firft of thofe principles - 
whereon the doftrine of Catoptricks is founded. The 
fecond is, that every radiant point when feen by re- 
flexion, appears in that place where the reflefted 
ray meets the perpendicular, drawn from the radiant 
point to the reflecting furface ; for inftance, if from pi. lo, 
a radiant point as R, placed before the phxnfpecu- Fig. 8^ 
lum AB, be let fall the line REM, perpendicular 
to the pUne of the fpeculum j^and if RC and CD 
be fo drawn, as that the former may denote the inci^ 
dent ray, and the latter the reflefted -, and if DC be 
continued on, till it meets the perpendicular REM; 
an eye at D will perceive the radiant point, as 
placed at M, the point of interfe£lion of the refleft- 
cd ray, and the perpendicular ; and thus it is in all 
cafes of reflexion, except two, wherein this prin- 
ciple feems to fail ; one whereof relates to plain 
glafs fpeculums, and the other to concave fpherical 
mirrors ; the latter has been obfcrvcd by Taquet^ 
Doftor Barrow, and others ; but the former has 
not been mentioned by any one of the ^/>//V/j: writers 
that I know of; I fhall take notice of each in its 
proper place, and proceed now to confider the chief 
properties of mirrors; and firft, of fuch as arc 
plaiii. 

When an objcft is feen by refleftion from a pl^in 
fpeculum, its image appears as far behind iht/pecu- 
tunfy as the objed is before ; for the proof of which 
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Lect. let R be an objeft placed before the phm fpeculum 
XXIII. A B, and let it bt^ feen by reflexion from tne point 
C, by an eye fituated fome where in the line C D^ 
then producing CD, till it meets the perpendicular 
REM, the image will, by the fecond principle, 
appear at M; now the angles of incidence and re- 
flexion being equal, their complements are fo too, 
that is to fay, the angle RCE is equal to DCB or 
MCE; fo that in the two right-angled triangle^, 
the angles at C being equal, and the fide KC 
common to both, the triangles muft be equal, 
and the fide M E, that is, the diftance of the 
image behind the fpeculum muft be equal to RE^ 
the diftance of the objeft before \.ht fpeculum \ and 
the fame thing is in like manner demonftrable^ 
tho' the point of reflexion be taken difFcrenc from 
C ; for the reflected ray will conftantly meet the 
perpendicular in the point M ; whence it follows* 
that however the fituation df the eye with refpe<9k 
to the mirror may be changed, yet if the objeft 
and mirror remain unmoved, the image will al- 
ways appear in the fame place; it likewife fol- 
lows, that there cannot appear more than one 
image of one and the fame objeft ; But then this 
is to be underftood with refpeft to fuch mirrors, as 
being opaque, have but one reflefting furface ; for 
in looking-glafles, which by reafon of their tranf- 
parency, have a double reflexion in fo'me certain 
pofitions of the eye and objeft, feveral images. 
PI. 10. may be feen. Thus if ABbe a looking-glafs, R 
Fig. 10. xht f^ame of a candle, placed at a fmall diftance 
*^P- »• before AH, the plane of the glafs produced, an 
eye being placed at Q, fhall fee feveral images 
ftanding at frrall diftances one beyond another, ia 
the fame pofition with the. letters, C, D, E, F> 
whereof the firft and fecond appear bright and lu- 
minous, and the reft but faint and obfcure ; for the' 
feveral images taken in their order from the fecond, 
grow more and more dark and obfcure, till -at length 

thcjr 

Digitized by V3OOQ IC 



Of CATOPTRICKS. 339 

they become too weak and feeble to affeft the fight. Leer, 
and of confequcncc vanilh. ^ XXIIL 

In order to account for this multiplicity of ima- ^^'•'"^ 
gcs, let A BCD be a looking-glafs, whofe neareft PI. 10. 
furface, or that which lies next the eye is AB, and ^^S* "• 
its farther or filvcred furface is D C, R the place 
of the candle, and Q^ the place of the eye, R S 
a line drawn from the candle perpendicular to AO 
and D Y the two furfaces of the glafs produced ; 
the angle RE A being made equal to QJB. B, and 
the line Q^E being produced till it cuts the per- 
pendicular R S in T, the eye (hall fee the firft image 
at T, by means of the reflexion from the outward 
furface A B, the ray R E being rcflefted to the eye 
from the point E. Let a fecond ray as R G, pafs 
into the glafs at G, and being refrafted to the point 
H of the farther furface, let it thence be reflefted 
to K, and there palling out of the glafs, let it by 
rcfraftion be carried to the eye 5 let then QJC be pro- 
duced, and the eye (hall fee a fecond image fituated 
in that line, and that at a little diftance beyond the 
perpendicular R S ; for if the rays fufFered no re- 
fradtion in palling in and out of the glafs, the fe- 
cond. image would not be feen by means of the ray 
R G, but by means of the ray R H, which pafling 
diredtly from R to H, is thence reflefted diredly 
to Q^ and being produced till it cuts the perpen- 
dicular in X, would exhibit the fecond image at 
X i but forafmuch as the place of the image is 
changed by jthe refradtion, and brought nearer to 
the glafs, if we fuppofe the line QjS to be moved 
upward about the point Q, till it coincides with the 
line QV, in which the fecond image really appears, 
the point X muft neceffarily fall beyond the perpen- 
dicular, and fo of confequence, muft the place of the 
. image. Let now a third ray as R F, pafs into the 
gfafs at F, and be refrafted to L, and from thence 
kt it be reflected to E, and from E to M, and from * 

M to 
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Lect. M to N, where let it go outj and be refrafted 
XXIII. the eye at Qj then producing C^N to W, a third 
image will appear in that line fomewhere beyond 
the perpendicular; for were there no refra<5tion, 
the ray which after three reflexions exhibits the 
third image, would when produced cut the perpen- 
dicular in the point S 5 and therefore, fince the line 
QS is raifed up by the refraftion, and made to co- 
incide with the line QJW, the point S, that is, the 
place of the third image, muft fall beyond the 
perpendicular. 

As a third image is feen by means of three re- 
flexions, fo is a fourth by five reflexions, a fifth by 
feven, a fixth by nine, and fo on, according to the 
progrefs of the odd numbers, every fucceeding 
image b^ing feen by two reflexions more than the 
preceding -, and this is the true reafon why, fetting 
afide the firfl: and fecond, which being feen each by 
one fingle reflexion, appear almofl: equally bright, 
every fucceeding image appears more dim and faint 
than the foregoing, the rays of light being render- 
ed more weak and feeble by reflexion- 
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If two ^\2iT\t Jfeculums as A B and C D, be fet pa- 
rallel to one another, and an objeft be placed any 
where between them as at E, the rays of light 
which iflbe from the objeft and fall upon each^^- 
culumy will be reflefted backward and forward from 
one to the other a great number of times ; by which 
* means, there will appear in each fpeculum a great 
number of images (ituated one behind another, in 
a right line perpendicular to the fpeculums^ and 
paffing thro' the objeft at E •, in order to determine 
. the 
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the diftanccs of the feveral images from xkitfpecu* 
lumsy let EY, the diftance of the obje£t from the 
fpeculum A B, be denoted by X, and let Z Y, the 
interval of the glafles, be denoted by D ; and lee 
us firft conGder the reflexion which begins from the 
fpeculum A B •, if Y F be taken equal to X, then F 
will be the place of the firft image ; and forafmuch 
as the image at F may be looked upon ^s an objcfl: 
placed before the fpeculum CD, if Z M be taken 
equal to FZ, that is, to D + X, there will appear 
an image at M ; which being confidercd as an ob- 
jeft with refpeft to the other fpeculum A B, and 
YH being taken equal to MY, or 2D +X, another 
image will be feen at H ; and for the fame reafon, 
if ZO be taken equal to HZ, or 3D+X, there 
will another image appear at O, and fo on ; again, 
if we confider the reflexion which begins from the 
fpeculum CD, by taking ZL equal to EZ, or D — X, 
we fiiall have L for the place of an image in the 
fpeculum CD-, and by making YG equal to L Y, 
or 2D — X, we fliall have the place of another 
image in the fpeculum ABi and again, by taking 
ZN equal to GZ, or 3D — X, we fliall have the 
place of another image in the fpeculum C D, and fo 
on. From this manner of determining the places 
of feveral images, it is evident, that if D, which 
fl:ands for the diftance of the glafl[es, be multiplied 
into each of the even numbers taken in their order, 
and if X, which denotes the diftance of the objeft 
from A B, be fubdufted from each produft, and 
likewife added to each, the differences, and the 
lums taken in their order, will exprefs the diftances 
of the feveral images from the fpeculum A B, the 
diftance of the firft being X •, that is to fay, the 
diftance of the fecond imag€ will be aD — X, of 
the third 2D + X, of the fourth 4D — X, of the 
fifth 4D 4- X, and fo on, according to the firft 
Table. 

Tabis 
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Lect. 
Table I. XXHL 

X>iftances of tht feveral images from the fpeculum 

1 = X 

.. 3 =: 2D + X 

4 = 4D — X 
■ ,, ■■ S- 4D-fX 

6 = 6D — X 

7 = 6D-fX 

8 = 8D^X 

&C. 

If D be muhiplied into each of the odd number jf 
taken in their order, and if X be dedoded from 
each produft, and likewife added to each as be- 
fore, the differences and the fums taken in their 
order, will exprefs the diftances of the feveral im- 
ages itom the fpeculum CD, as in the fecond Table. 

Table II. 
^be £fiances of the feveral images from the fpeculum 

CD. 

1 = rf— X 

2 = D + X 

3 = 3D-X 

4 = 3D + X 

5 = 5D-X 

6 = 5D4-X 

7 = 7D~X 

5 = 7D4-X 

If by moving the objefl: nearer to AB, X be- 
comes le(s, then all thofe images whofe diftances 
are expreiTed by thofe fymbols wherein X is affir- 
mative, will come nearer to the fpeculums-, whilfi: 
thofe whofe diftances are exprefled by fymbols 

Z whereia 
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v^h rviin X is negative, move farther oflF; thus ri 
the fpeeu'um AB, the liifd, third, fifth, feventh 
ard fo oBi will approach^ and the. feootl.d, fourth^ 
fixth, eighth, and fo on,* wilt recede j fo that the fe- 
veral images, beginning from the firft, will ap- 
proach and recede alternately ; and on the other 
Exp. 2. hand, thofe in ihcjpeculum CD will recede and ap- 
proach alternately, begir>nihg fsom the firft ; hence, 
if a man puts his hand Ib^lwcen the tvio fpeculurttsj 
and moves his pate towards oi^ of them, a per- 
fon looking into th^ othpr> (hall fee fcvcral pairs of 
hands, palm to palm, approaching each other. 
PL 10. If two plane Jpeeulums as AC apd BC, be in- 
Fig. la. ciined to one another, fo as to meet in an acute 
P' ^ angle at C ; and if aft obgcft bt plated arty wterrc 
between therti, foppofe a^ F, an eye Idokiiig iilto 
cither^ &all kt fevcral iawig^s ftaodiftg in* the cir-^ 
cuBtifefcace of a eircjlc^ whpfe center is at C the eon- 
courfe of the /petuhims^ and ics radm tc^tni to C F 
the dlfttoce of the^lyeft from the coroowrfe ^ fiwr 
if from F be drawn. FD i>erpeftdicular to thc^rar- 
hmCA, and KD be made ^^ual tt>FK» D will 
be the place of an imagie io the fpecutum CA; and 
if from D be drawn D E perpendicular to the fpe- 
eulum CB, and produced till H£ is equal to DB, 
E will be the place of an image in the fpeculum CE, 
and thus by drawing per]k^adiculats continually from 
the place laft found to iht oppose fpecu^m may the 
places of all the ima^ be found which are feen by 
means of thofe re^x^ns^ the firft whereof is made 
frQtn the ^eculum C:h ^ ^nd in the fame manner, 
by drawing the perpemficolars FG, GL> and fo o», 
may the places of aft thofe images be found which 
are feen by means of the reflexions whereof the firft 
h made from the Jpciukm C B. bfet# that the 
pdihts D and E are ift the circum&reftte of the 
circle Hvhofe radius is C F, I thus prote v i* «he tri- 
angtes CFK and CDK, the fides FK arid DK iie 
equal bf the conftrudtioli, and CK is eotftmott to 

both, 
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^us^tjoih, and the angles at K arc right ones, whertS 
ivcn^ fore the two triangles are eqiial, and of confequcnce 
fouri C D is equal to C F; again^ the triangle CDH is 
thcv equal to the triangle CEH, the fides DH and EH 
rilh being by coiiftru^ion equal, as are alio the ingles 
e on at H, wherefore CE is equal to CD, which is equal 
to CFi confcquently, a circle dcfcribed on the cen- 
ter Ci with the radius CF^ will pais thro' the pointa 
t3 atid E ; and by the fame way of reafoning, it 
will be found to pafs thro' G and L, and thro' the 
extremities of all. the other perpendiculars*, and 
therefore the fcveral images muft of neceflity appear 
in the circumference of a circle whofe center is at 
the concourfe of the JpecutumSy and whofe radiuj is 
equal to the diftance of the objcft from that c6n- 
courfe. From what has been faid^ it follows^ that 
if the diftance of the objed from the coflcourfe of 
the fpeeulums be gitren the images will ilill appeat 
in the circumference of the fame circle, nocwith« 
fta;nding any alteration that may be made in the 
angle whereat the fpecklums meet ; if that be en* 
larged, the images will be fewer in number^ and at 
greater diftanccs from one another % and on the 
^ther hand, if it be made lefs, the images will be 
more in number, and ftand clofer together^ but the 
circle in whofe circumference they appear, will be 
the fame in both cafes ; for chat is not to be lefTen- 
ed or enlarged otherwife, than by leflTening or en- 
larging the diftance of the objed from the con- 
courfe of the fpufiiams. 

Having laid before you the chief properties of 
p[2\n fpeculumi^ I come now to confider fuch fpe-* 
cuhms as are l^herical ; and they are of two forts^ 
concave and convex 5 concerning which it muft be 
obferved^ that as all the rays which fall upon them 
from a radiating point, are reilcfted in fiich man- 
ner as to meet the perpendicular very nearly in one 
and the fame pointy ia order to find QMt\hcfocus^ 
Z% or 
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Lect, or the place where the reflc6bcd rays crofs one an- 
XXIII. other, nothing more is neceflary, but to determine 
^ '^'^^ the point wherein any one reflefted ray meets the 
perpendicular ; which may be done in the following 
PI. 10. manner ; let A be a radiating point, expofcd di- 
Fig. 13. redly before the concave glafs FG, whofe center is 
C,AB a perpendicalar from the radiating point to 
thtfpeculumy which likewife denotes the diftance of 
the radiating point from the fpeculum, AD a ray 
falling on the. fpeculum at D, whofe diftance from 
B is indefinitely fmall, DE the reflefted ray meet- 
ing the perpendicular in E, CD a radius drawn to 
the point of incidence, and of confequence bifcdt- 
ing the angle ADE in the triangle ADE; fince the 
angle at D is bifefted by the line DC, which cuts 
the oppofite fide, AD is to DE, as AC to CE; 
but forafmuch as the points D and B are fuppofed 
to be indefinitely near, AD is equal to AB, and 
ED is equal to EB, wherefore AB is to EB, as AC 
is to CE ; that is the diftance of the radiating 
point from the fpeculum, is to the diftance of the 
point E, where the rcflefted ray cuts the perpendi- 
cular, commonly called iht point of interfeSHany as 
the diftance of the radiating point, leflened by the 
radiuSy is to the radius^ leflened by the diftance of 
the point of interfeflion ; that is, putting D for 
the diftance of the radiating point, F for the dif- 
tance of the point of interfeftion, and R for the 
radius^ D : F : : D — R : R — F j confequently, 
reducing this analogy into an equation, and clear^ 

DR 
ing F, F will be found equal to - v^^^w ; that is, 

the diftance of the point of interfeftion from the 
X Jpeculum^ and confcquently, the diftance of an image 

formed by reflexion from a concave fpeculum^ is 
equal to a reftangle under the diftance of theobjeft 
from tht fpeculum^ and the radius^ divided by twice 
ihe diftance of the objed leflened by the radius. 

Hence 
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Mence it follows, that if an objecb be placed befoie Lect. 
a f:anczvc fpeculum^ at an infinite diftance, that is, ^•^^}^\ 
if the diftance be fo great as that the radius of the 
fpeculum bears no fenfible proportion to it, the image 
will appear on the fame fide of t\it fpeculum with 
the objeft, at the diftance of one half the radius from 
the fpeculum ; for in this cafe, D being infinite, 
2D— R becomes equal to 2D, and of confcquence, 
F is equal to R divided by 2 5 fo that one half the 
radius is the lead diftance at which an image can 
be. projected from a conc^vt fpeculum on the fame 
fide with the objeft ; and forafmuch as the fun's 
image, which, by reafon of the immenfe diftance of 
his body, is formed at the diftance of half the ra- 
dius from the fpeculum^ is there apt to burn, that 
place is ufually called th^ focus or burning point. 

As the objcdt approaches i\it fpeculum^ the image 

|-ecedcs -, for as in one and the fame fpeculum^ the 

radius is a ftanding quantity, it is manifeft, that as 

D leflens, the proportion of DR to 2D — R muft 

increafe, confequently, F, or the diftance of the 

image from xh^ fpeculum muft do fo top •, and when 

the objeft has approached fo near iht fpeculum as to 

be at the center, the image will have receded fo far 

as to be there likewife •, for in this cafe, D being 

equal to R, 2D — R is equal to R, and of confe- 

quence, F is equal to D ; fo that the pbje6k and its 

image meet at the center of xht fpeculum ; upon the 

objed's pafling from the center towards the glafs, 

the image is proje(5led beyond the center, and when 

the objeft has approached fo near the fpeculum^ as 

to be diftant from it but half the radius^ the image 

is at an infinite diftance •, for in this cafe, D being 

equal to half the radius^ 2D — R is nothing, con- 

fequently, F, that is the diftance of the image, is 

infinite ; or to fpeak more properly,, the rays after 

reflexion proceed parallel ; for which reafon, if the 

flame of a candle be placed dircftly , befqr^ a con- 

Z 3 cave 
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Lect, Cvit fficulum^ at the diftance of half the r^^^y, 
XXni.^ the fpeculum will fccm to be in flames, and the re^r 
' ^ ^ ' flc<5ed light will be fo intenfc, as that by the help 
of it one may be able to read at a very confiderable 
diftance from the fpeculum. Tac^ubt affcrts,that be 
has read at the diftance of no lefs than 400 feet ^ and 
to fay the truth, the diftance would be without li- 
mits, were it not for the atmofphere» whofe par-.- 
ticks continually intercept the rays, and by fo do^ 
ing at length totally extinguifti the light. It fomc- 
times happens, that when the flame of a candle b 
placed in the focus of a concave fpeculum^ its image 
IS projeded on a diftant wall, which {eems to in-i 
validate the truth of what I juft now proved con- 
cerning the parallelifm of the rays after reflexion, 
but this is occafioned by the flames being too largQ 
to be contained totally within the focus \ for were it 
fo fmall as to lie wholly within the focus, it would 
not projedt an image, but the rays after reflexion, 
would form a cylindrical body of light, which 
vhen proje£bed on a diftant wall, would have a cir* 
cular figure, of an equal circumference with th^ 
fpeculum. 

When the diftance of the object from the fpecu^- 
lum is leis than half the radius^ the image appears 
behind the ^^^«//^«*; for in this cafe* 2D — R is a 
negative quantity, and of confequcnce, fo is F, 
which fliews, that the diftance of the image which 
is denoted by F, tnuft be taken on the other fide of 
the fpeculum, with refpeft to the objeft 5 as the ob^ 
jeft moves nearer to the fpeculum before, fo likcwife 
does the image behind ; and when the obje£b is fo 
near as to touch the fpeculum, the image does the 
fame ; for in this cafe, D being nothing, F, that is, 
the diftance of the image from the fpeculum, is like- 
wife nothing. 

As to the pofition of the images which are feen 
by reflexion from a concave fpeculum^ thofe which 

appeal' 
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:iippear oh die <ktne fide of xhc fpeculum "wiih^ the 

ot>)c& mafi be inverted, and thole which app^^r 

behifid tke/p^culum muft ht €reft. For the proof 

of i^iikh,^ i<^ Afi be an objed placed before the 

xx>ncaveyp^*&i«i FG^ at any diftance beyond the 

center C, in which cafe the image will be feen be^ 

«i?^een the center and tht^^^«/iz», fuppofe at DEi; 

^rofn A md B, the extream points of the objedii 

let the lilies Att and BI be drawn perpendicular to 

-the-^^a//^a^ and of confequence croffing one ano* 

ther at the center $ this being done, fince the image 

16 fuppofed to be at D E, and fmce every point of 

an linage' is ften in the perpendicular drawn from 

the <sOtt^fpOnding pxMnt^in the objed, it is manifeft, 

AhM D, tie loweft point of the image, will corrct 

^pond td A^ the higheft point of the objed, and E, 

the bigheft point of the image, will correfpond to 

B, the ioweft point of the objcdj that is, the 

4mage will appear inverted. And by the fame 

way ^)f mafoning, if DE be the objed, fituated 

at fuch a diftance between the fpuulum and the 

center, as to have its image projeded beyond 

the center at AB, the image muft appear inverted. 

On the other hand, where an objed as DE, is 

placed between the fpeculum and the center, and 

conlequently, projeds an image behind the fpecu^ 

Um\ for it muft be obferved, that the fame objed 

D E, which when fituated between the center and 

t\\t fpeculum^ at a lefs diftance from the center than 

half the radius^ projeds an image as A B beyond 

.;the center, does likewife projed another image as 

HI, behind the fpeculum ; and as the former image 

is vifible to an eye placed beyond it, fo the latter 

image is vifible to an eye placed between the 

objed and the fpeculum^ and it muft appear ered, 

inafmuch as the perpendicular C H, which paflbs 

thro* D the higheft point of the objed, does likewife 

pafs thro' H, the higheft point of the image. 

Z 4 As 
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As to the magnitudes of an objeft and its imag^ 
they are to one another in the fame proportion with 
the fquares of their diftances from the fpeculum ; for 
if the line LCM be drawn thro' the center C, per- 
pendicular to BA, DE» and HI, and confequencl^, 
bifefting the angle at G, if B A be the length or 
breadth of an objeft, and DE the length or breadth 
jof its image projcded on this fide the fpeculumy then 
LA and OD will be half the length or breadth of 
the objeft and its image, and the tri^gle C L A 
being fimilar to C O D, L A is to O D, and coinfe- 
quently B A to ED, as. L C to O C, . that is, the 
length or breadth of the objeft, is to the Jength or 
breadth of its image, as the diftance of the objed: 
fronl the ctntcr of the Jpeculum^ to the . diftance of 
PU 10. its image from the fame center ; but it has been 
Fig. 13- proved, that as AC, the diftance of the objedt 
from the center, is to EC,.the diftance of the image 
from the center, fo is. A B, the diftance of the ob- 
jeft from the fpeculum^ to E B, the diftance of the 
image from tht fpeculum \ confequently,, the length 
or breadth of an objed, is to the length or breadth 
of its image, as the diftance of the objeft from the 
fpeculum^ to the diftance of the itnage from the 
fpeculum ; and forafmuch as fimilar furfaces are to 
one another, as the fquares of their homologous 
fides, the magnitude of the objeft, is to the mag- 
nitude of the image, as the fquare of the objed's 
Pi. 10. diftance from the fpeculum^ to the fquare of the 
Fig- H- image's diftance. And by the fame method of ar- 
guing, if D E be an objeA whofe image behind 
tht fpeculum is HI, the magnitude of the former 
will be found to be to the magnitude of the latter, as 
the fquare of KO, to the fquare of KM> Henqe 
it follows, that the objeft during its continuance 
beyond the center, muft appear larger than its image, 
as being more diftant from the fpeculum^ and when 
it i^ in the. center, where it meets the image, it 
... inuft 
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irtuftappear equal to it, but being on the fame fide Lect. 
of the center with the fpeculum^ it muft be lefs than XXIII. 
.its image, which in that cafe lies beyond the center, ^--v*^ 
and confequently, is at a greater diftance from the 
fpeculum. 

It likewife follows, that the image which appears 
behind the fpeculum is ever larger than the objeft \ 
for fince MK, the diftance of the image^behind the 
jpuulum^ is to O K, the diftance of the pbjeft be- Pl. 10. 
/ore the fpeculum^ as MC, the diftance of the image Fig- H* 
frotn the center, to OC, the diftance, of the ob- 
jedb from the center ; and fince in this cafe, the ob- 
jedt is always lefs diftant from the center than its 
.image, during the appearance of the image behind 
thic fpeculum^ it is evident, that the image muft ap- 
pear larger than the objedt; but then this is to be 
underftood with refpeft to fuch inoage$ only, as are 
projefled by objefts lefs diftant than the center •, for 
if an objedt be beyond the center, an eye being clofe 
to the fpeculum^ ftiall fee the image at the fame dif- 
tance, and of an equal magnitude with the objeft; 
and in this cafe, the feveral piarts.of the image do 
not appear in thofe points where the perpendiculars 
from the correfponding points of theobjeft meet 
with the reflected rays-, the reafon: of all which 
feems to be this, the portion. of the ^^f(//tf«i which 
the eye makes ufe of in this cafe is fo exceedingly 
fmall, that hotwithftanding the fpherical figure of 
the fpeculum^ it may be looked upon as plane, and 
confequently, the appearances muft be the fame as 
in other plain fpcculums -, that is, the image muft 
appear as far behind the fpetulum as the objeft is 
before it, and of the fame magnitude with the ob- 
jeft. 

If an image formed on this fide a conca^vt fpecu- 
lum be looked at with both eyes, it will appear 
double, provided the diftance of the eyes from the 
image be but fmall^ and upon ftutting cither eye, 

the 
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Lbct. the contrar;^ imzg^ m\l diiappeaor ^ ^ fince tlift ft- 
KXIIL fte£ied rays which form the fcveral poincs cf ui 
"^^^^^^ image meet and crofs one another at the image, 
thofc which enter the right eye muft be refie&cd 
from the left fide of the fpeculunit and thofe which 
fall upon the left eye, muft be refleffccd from the 
Tight fide of the ^^/ivi97, and of confequence, one 
and the iame pdnt of the image muft appear to the 
right eye^ as fituated before the left fide of the^ 
rijriww, and to the left eye, as Gtuatcd before the 
right fideof the^^ir/ttw, that is, it mo& appear 
double, and the right or left image muft yanifti up- 
PI. lo. on clofing the contrary ^ye^ Thus, if the point 
Fig* ^S* C of the image A B, be looked at with both eyes, 
one whereof is at O, and the other at Q, th(^ «yc 
at O fhall fee it by means of the rays ON, which 
are refleded from N, and of qonfequenccy ihail fee 
it as placed before N, but the eye at Q^feeing it by 
mean? of the rays QM, which proceed fifom M, 
fliaU fee it as fituated before M, for which rcafon, 
the point G will appear double ; and what has teen 
thus (hewn with refpedt to the point C, may in the 
lame manner be ihewn, with regard to all the other 
points in the image, and therefore riie whole image 
muft appear double; as the eyes are more and more 
removed from the images, they, approach nearer 
together, and at length coincide •, the reafon of 
which is plain> from the bare infpeftion of the fi- 
gure ; for fince (he interval of the eyes continues 
^c fame^ is is evident, that when they are farther 
removed from the image, the rays whereby they fee 
the point C muft be reflcded frcmi parts of die 
fpicidam lels diftant from one another than M and 
N, and the diftance of the parts of the fpecultm 
which refleft the rays to each eye, muft continu- 
ally leflfcn as the eyes are more and more removed 
from the image, and at certain diftances of the 
eyes) muft bea)me fg fmall as not to be fenfible. 

And 
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A^id thqs much concerning fuch fphericalj/^/iftf^ Lect- 
Jigms as i^racdncave. As to canvex fpeculun»^\xi<xAtt ]^^^\ 
to deftermine the places of images formed by rc-f 
flexuki firom them» Let A be a radiating pointy 
expofed directly before the iomek/pecuIurnHK^ 
whofe center is C, A B a perpendicular from the 
radiating point to the fpeculm^, which likeWifa 
denotes the diftance of the radiating pdnt from 
thc\^4cukm9 A D a ray falling on diefpeculum at 
Py whofe diftance from B is indefinitely fmall^ 
P E the reftcfted ray meeting the perpendicular in 
E9 CD ft radius drawn to the point of: iocidencci 
an4 of confequence bifcdling- the angle FDE;. let 
the angle fC D be made equal to EC D, and let 
C F be continued tiWit meets A D produced ; thi^ 
I being- done^ it is evident, that the angle atC in the 
; triangle A C F, is bifefted by the line G D, vrhich 
r cuts the oppofue fide, confcquently, AC is to FQ 
i as AP to DF j but forafmuch ^ D and B are fup^ 
1 pofed CO be indefinitely hear, A D is equal co A ^ 
7 and D E to B E 5 and becaufe the triangles C F D 
,1 and C E D arc equal, D F is equal to D E, and F C 
$ is equal to C £ ^ wherefore, A B is to B E, ^s A C 
^ to C E i that is, the diftance of the radiating point 
19 from the fpeculumi is to the diftance of the point 
ff £ where the rcftefted ray cuts the perpendicular, 
m which is called the poim of haerfi^iofi^ as thefum 
li; of the diftance of the radiating point and the r^iii^, 
iof to the ra£us leflcned by the diftance of the 
lit point of interfedion ; that is, putting D iov t}]» 
;y} diftance of the radiating point, F for the diftance 
{\ of the point of interrelation, and R for the radius as 
f;! before, D : F 2 : D + R : R — F •, confequently, 
^aj reducing this analogy into an equation, and clear^ 

^^ ing F, F will be found equal to "KXr > that is, 

fi the diftance of the point of interfedion behind the 
$ fptculum^ and confec^uently the diftance of an image 
j; • behind 
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behind tht fpecukim, is equal to a rectangle unds 

the diftancc of the object from the fpecuhim and 

the radius^ divided by the fum of twice the diftaoce 

of the objeft added to the radius. Hence it follows 

that if an objedt be placed fo near a com^ex Jpeadm 

as to touch it, its image will do fo too ; for in this 

cafe, D being* nothing, F is likewife nothing 5 as 

the obje& recedes from t\it fpeculunty the image goes 

off behind % and when the objed is removed to an 

infinite diftance, the image appears behind in the 

midway between the fpectilum and .its center ; for in 

this Cafct D being infinite, 2D + R becomes 2D, 

R 
and of confequence, F is equal to -, fo that ob- 

jefts ften by reflexion . from convex fpherical^^<ri5f- 
7«/wj, appear conftantly behind the fpeculum^ within 
;the limits of half the radius ; and forafmuch as the 
images cdnftaptly appear on the fame fide of the 
center with the objcfts, they muft be lefs than rhe 
pbjefts; for if we fuppofe HI to be an obje6t placed 
before the convex fpeculum V G^ and projedbing its 
1*1. 10. image at D E, it is mariifeft, that the image fub- 
^^Z* ^4* tends the lame angle at a fmaller diftancc, than the 
^bjcfft does at a larger diftance, and confequently, 
muftbCilefe; and the difproportion between the 
,objc6t and its image, muft increafe as the objefl: 
i recedes, and decreafe, as it approaches ; becaufe, as 
,the objeft jecedes from the center, the image ap- 
proaches, and ^s that approaches -, the image re- 
: cedes:-, but as the image can never be more diftant 
from the* oeater than the objcft, it' can in no cafe 
; appear larger. The proportions which the magni- 
. tudes of the objed aod its image bear one to ano- 
ther, is the fame with the fquares of their diftanccs 
from the fpemlum^ as in the cafe of conczve fpecu- 
' llmSi the proof of which being exadtly the fame 
witii that made ufe of in the cafe of concaves, I 
Ihall not here repeat it. 

\ * As 
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As to the pofition of fuch images as are fcen by 
eflexionfrom convex fphevical fpeculums^ they muft 
dways appear creft-, for as they ever appear on 
:he fame fide of the, center wjth the objej^ts, the 
perpendiculars which are drawn from the upper- 
moft parts of the objeds, muft pafs thro* the up- 
permoft parts of the images ; and thofe from the 
lower parts of the objefts, muft likewife pafs thro* 
the lower parts of the images j thus, the perpendi- 
cular HC, which comes from H, the higheft point pi. ,©. 
in the objeft, pafles thro' D, the higheft point of Fig, 14. 
the iniage, ^nd IC, which comes from I, the loweft 
point . of thie objcd, pafles thro' E, the loweft 
point of the image •, and fo it is with regard to the 
perpendiculars which come from t|jg intermediate 
points; fo that the fever^l parts of the image have 
the lame fituation.with fhe corrcfponding parts of 
the objeft, and of confequcnce the image appears 
cre6t. 
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APPENDIX. 



Or TH« COLLISION or NON-ELASTICK 
AKP ELASTICK BODIES. 

FftOBLiM I. 

IF twfi bodies hi either Entirely v^ cf elq^icity 6f 
ferfeSlfy elafticky and one ftrike the (^ber dirsSfy ; 
if A andB denote the ^uantiiies of matter orTveights 
of the two bodies^ a and b their velocities he/ore 
iheftroke\ and if A be the fimfttt body mbm the 
bodies move the fame way^ the body winch bss She 
greater motion when they move contrary ways^ and the 
moving body when one of them is at reft before the 
ftroke ; to determine the ratio ofjhe bodies when their 
velocities before the ftroke are given^ or the ratio of 
their velocities before the ftroke when the bodies are 

given ; that is^ to determine ^ when a and b are 

given, or r ^^^^» A and B are given •, fo as that 

the motion of A before theftrokt, Jbatt be to its motion 
after theftroke^ in the given ratio ofmtoi. 

To give a foktion of this Problem, it is neceflafjr 
to know the motions of A before and after theftrokCj 
both when the bodies are entirely void of clafticity, 
and when they are perfedlly elaftick; and likewifc 
lo know the motion of A after the ftroke, when 
the bodies move the fame way, when they move 
contrary ways, and when B is at reft before the 
ftroke. The motion of A before the ftroke, is Aa 
in all cafes. And from what has been delivered by 
% our 
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our AuthOTt when the bodies are entirely void of ; 
clafticity, the motion of A after the ftroke, is 

— \ — 5 — when before the ftrofce the bodies move 
A + B 

the fame way, — ^Tg — when they move diffe- 
rent ways before th^ ftroke, and -r — g when be- 

f<M^ the ftroke Bis quifefcent. And when the bo- 
dies arc perfedly clauick, the motions of A after 
the ftroke, when before the ftroke the bodies move 
the ftme way, coAtrai'y ways, and B is quiefcent, are 
sABb 4 AAa — ABa AAa — ABa — 2ABb , 
ATb ' 'A + B-^ ' ^"^ 

— 7--r5 — • Hence, this Problem contains fix 
A + B ' 

Ckifes^ three when the bodies are entirely void of 

elafticity, and three when they are perfcdly elat 

tick 5 which Cafes arc thus felved. 



JVhen the bodies are entirely void of elafiicity. 
Case L If the bodies move the fame way, 

A ^ _ • jjL "p J. 

Aa will be to — r — ^ — y as m to i ; whence wc 

, A a—- mb j a rtiB 

have ^ zz , and - z= 



B -• ma— a' b A + B—mA' 

Case IL If the bodies move contrary ways, 
Aa will be to — 'tt'r — ^ as m to i -, whence wc 

A mb+a . a _ mB 
have -|5 = — — , and , zz — y — - — », , 

B ma— a b mA— A— B 



Case III. If B be at reft before the ftroke, 

I wc 
havr 



then will Aa be to -r— ^5. as m to i j whence wc 
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A _ 1 



haver- rr —I— . In this cafe b is nothing, and 
confcquently -i$ infinite. 



Whin the bodies are perfeSlly elajiick. 

Case IV# If the bodies. move the fame way, 

A 11 u . 2ABb + AAa— ABa 

Aa will be to -r — g- — — , as m to i ; 

I i_ ^ A ma+a— r2mb , a 

whence we have _ zz , and — zz 

B ma — a b 

2niB 

mB + A + B— mA' 

Case V. If the bodies move contrary ways, 
* .„ t AAa— ABa — aABb 
Aa will be to aZr » as m to i ; 

, , A 2mbH-ma + a , a 

whence we have ^ zz — a+b — » ^" r --^ 

2mB 

ttiA-A— B— mB* 

Case VI. If B be at reft before the ftroke, 

AAa— ABa 
Aa will be to . ^ — , as m to i ; whence we 

have g zz — — . In this cafe b is nothing, and 

confequently - is infinite. 

ExAMP. L If the bodies be entirely void of 
clafticity, and move the fame way, A with a velo*- 
city of 7, and B with a velocity of 3 ; and A lofc 
half its motion by the ftroke, or, which amounts 
to the fame, if the motion of A before the ftroke 
be to its motion after, as 2 to i. In this cafe, a 

b, m. 
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b, m, arc 7, 3, 2 •, and ^, which is equal to '^^ 

by Cafe i, will be equal to 4.; fo that A and B will 
be as I and 7. Here Aa, the motion of A before 

the ftroke, is 7, and — t-Tr — ^ ^^^ motion after 
the ftroke is 34. ; but 7 is to 31, as 2 to i. 

ExAMP. II. If the bodies be entirely void of 
elafticity, and move the fame way, if A and B be' 
as I and 4, and the motion of A before the ftroke 
be to its motion after, as 3 to i, in which cafe m 

will be 3; then 7-, which is equal to .—-^ v by 

^ b ^ A+B— mA ' 

Cafe I, will be equal to ^\ fo that a and b will 
be as 6 and i. H,efe Aa, the motion of A be- 
fore the ftroke, is 6, and — ^ — =; — , its motion 
' ' A + B 

after the ftroke by Cafe i, is 2 s but 6 is to 2, as 
3 to I. 

ExAMp. III. If B be at reft before the ftroke, 
and the motion of A before the ftroke, be to its 
motion after, a^ 10 to i, in which cafe m will be 
A 
B 
and 9. If the velocity of A before the ftroke be 
^ exprefled by i, that is, if a be i, then will Aa be i, 
AAa 
and xitb ^^ "^"' ^"^ * ^^ ^^ '^'■^' ^^ '^ ^^ ^* 

It is to be obfcrved, that A can never communi- 
cate all its motion to B, except when it is infinitely 
greater than B, in which cafe B will become no- 
thing. For if A communicate all its motion to B, 

A I ' 

m will be i • and ., which is as , will be as 

13> m — I 

i ; but i is infinite, and 'therefore A muft be in- 

A a finitely 
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finitely greater than B, to lofe all its motion by 
the ftroke, 

ExAMP. IV. If the bodies ht perfcdly elaftick, 

and move the fame way with velocities which arc as 

3 and 2 i and if the motion of A before the ftroke 

be to its motion after, as 2 to i ; then will a, b, m, 

u 1 A , . , . ma + a — 2mb , ^ ,. 

be 3, 2,2; and -=r, which is as by Cafe 

, •'^ B ma— a ^ -^ 

4, will be 4.; fo that A and B will be as i and 
3. Here Aa, the motion of A before the ftroke, 

J 2ABb + AAa— ABa . . r. t_ 

is 3 ; and — — X+ B ' "' morion after the 

ftroke, is 4 •, but 3 is to i., as 2 to i. 

ExAMP. V. If the bodies be perfeftly elaftick, 
and move the fame way, if A and B be as 4 and 5, 
and the motion of A before the ftrpkc be to its mo- 
tion after, as 3 to 1 j then will A, B, m, be 4> 5, 3 ; 

and r, which is as ^ ■ . , ^ r by Cafe 4, 

b mB + A + B— mA ^ -^ ^* 

will be -!-> fo that a and b will be as 5 and 2. Here^ 

Aa, the motion of A before the ftroke, is 20; and 

2ABb4 AAa— ABa , . tat • «« 
k ' w ^» t«e motion of A after, is ^f- j 

but 20 is to ^, as 3 to I. 

Ex A MP. VI. If A and B be p^rfefUy elaftick, 

and B be at reft before the ftroke, if A move with 

a velocity of 4, and its motion before the ftroke be 

, to its motion after, as 3 to iV; then will a, b, m, 

be 4, o, 3 ; and ^, which is as 5L--L by Cafe 6, 

will 1^ iz T i fo that A and B will be 2 and 1. 
Here, Aa, the motion of A before the ftroke, is 8i 

and — T—g-^j its motion after the ftroke!, is |; 

but 8 is to I, as 3 to 1. 

10 SCHOLIXJM. 
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If it be required to know the motion of B after 
the ftroke in the fix C^fes before mentioned, that 
motion may be had, from what our Author has 
delivered^ when th€ weights of the bodies, aftd 
their velocities before the ftroke, are given. 

If the bodies be intircly void of clafticitfj 
the motion of B after the ftroke,^ when bpfofc fb^ 
ftroke, the bocfies move the fame way» wh<?fl ih^y 
move contrary ways, or when B is qgiefftPOX, is 
feAa + BBb BAa^BBb feAa 

A + B ' A+B ' ^^aTI' ^ : 

And if the bodies be pcrte£lly elaftick ; the mo- 
tions of B after the ftroke,' when before the ftnofcc 
the bodies move the fame way, whtft they inove 
contrary ways, or when B is quiefcent» 
fcfiAa+BBb^BAb aBAa— BBb+BAb 



AfB * A + B ' 



or 




Prob. 11. if tivo hqdies A and B he givetiy and 
. ie perfeiily elaJHcky if A be the lej/er hdy, and B be 
a4 rejt before theJiroke\ it is required to find an in- 
termediate body offuch a weight gr quantity of matter^ 
*wiifi? I [hall denote by is^ as that A ftriking x at 
refi^ and x mth 4he. m^fim acquired by the ftroke 
ftriking B at reft^ the motion produced in ^ fball be 
greatcf than can be 'produced by an intermediate body 
Qf any other weighty or^ in other words ^ that the nw- 
tion in ^fhallbe a maximum. 

The motion of x after it is ftruck by A, is 
p~-, and the motion of B after it is ftr tick by x, 

A a 2 But 
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But by fuppofition the motion of B is a maximum^ 
and consequently its fluxion is nothing. The fluxi- 

on therefore of _^4^__ is nothing; 

. 4A?B'ax— 4ABxax» ^ ^ 

that IS, \ ~T>-T~ u — o- Confequently, 

AB + Ax+Bx-fxxp ^ ^^ 

4A*B*ax— 4ABxax'- = o; and, by dividing by 

4ABax, AP — ^x* =: o ; and AB = x* ; whence x 
is a mean proportional between A and B. 

Our Author has given a clear folution of this 
Problem^ but in a diflferent manner. 

CoR. I. If a number of bodies be in a conti- 
nual geometrical progreflion, if the leaft of the bo- 
dies be A, the ratio of the increafe be e, and the 
number of bodies n -, and if A ftrike the fecond 
body at reft, and the fecond with the motion ac- 
quired ftrike the third body at reft, and fo on to 
the laft ; the bodies, their velocities and motions, 
will be thus cxprefTcd. 

n— I 

Bodies - f A, eA, e^A, esA &c. ^ A. 

Velocities - r a, -^, -t==-, . — r » &c. ^ I a 

Motions - - Aa,-_,^— L^-,&c.^l Aa. 
i+e i+ej*' i+el3 i+ei 

ExAMP. I. If the number of bodies increafing 
in geomctrick proportion be 20, and the com- 
mon ra/io of the terms be 2, n will be 20, and c 
be 2. The laft body will be 524288 times greater 
than the firft ; the velocity of the laft will be to the 
velocity of the firft, as i to 22164-, and the mo- 
tion of the laft will be about 236*- times greater 
than the motion of the firft. 

EXAMP. 
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ExAMP. II. If the number of bodies be 100, and 
the common ratio of the progrcflion be 2 ; then will 
n be 100, and e will be 2. In this cafe, the laft bod]^ 
will beabove 633825300000000000000000000000 
times greater than the firft, its velocity will be to 
the velocity of thefirft, as i to 27 102 2000000000000 
nearly 5 and the motion of the laft will be to the 
motion of the firft, nearly as 2338480000000 
to I. 

Cor. II. If the motion of the firft. body be to 
.the motion of the laft, as i to D, that is, If Aa 

be to YX^ Aa, as i to D, then will e be equal 
' I 



to 



I 

5t — D'^ 



For example, if the number of bodies be 20, and 
the motion of the laft be looooo times greater than 
the motion of the firft, n will be 20, D will be 
JQoooo, and e will be 10.9746 nearly; fo that 
each preceding body in the 20 bodies muft be 
10.9746 times greater than the body lying next 
behind ic. 

Cor. III. If the motion of the firft body be to 
the motion of the laft, as i to D, that is, if Aa be to 



2e 
I H-e 



2e 



A a, as I to D, D will be equal to 
•I 
, and putting R for — — •, and L for lo- 



i+e 

garithm, we fliall have D = R"""', and L, D zr 
n — I X L, R. 



2e 



For example, if e be 4, and n be 25, will 

I -f-e 

A a 3 be 
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ht 4-, the loga rithm o f which number is 0,2041 199 
31 L, R; and n — i x L, R iz 4.89S8795 = L, D, 
The natural number of this logarithm is 79228 
nearly, fo that in jhis cafe the motion of the laft 
bodv will be nearljr 7922 S tinges greater than the 
inotion of the firft. 

Cor. IV, If P and R be given, n may be 

found by being equal to ' ^ ^ r-^— ; for by the- 

laft Coroilary L^ t) zi n — i x L, R, and confc^ 

quently n - ^ ^^ g . 

For example, if D be 1 00000, and e be 2, in which 
cafe R will be 4^> then will L, D, be 5.00000Q 

and L, R 0.1249387; and * t p ^- ' ^ ^^^ ^^ 

41, 02 iz n ; fo that more than 41 bodies will be 
necefliry to make the motion of the laft iooooq 
times greater than the motion of the firft. 

Cf the Moti6n of a Q\q\^ inn Fluid Medium, 

Prob. III. Jf th€ diamter and divfity. ^f a 
Globe moving in a fluid medium, // the denfity of the 
medium, the velocity with which the globe y^/j out^ 
dnd the ti>ne of the. motion^ ie all g4Vin\ to determine 
the pari i)f the velocity which is deftroy^d by the rejif- 
tauce of the medium, the remaining part of the veto- 
dty^ and the fpace def cubed hy the globe in the givlH 
time. 

Let P denote the diameter of the g|obe, d its 
denfity, # the denfity of the fluid medium^ V the 
velocity with whicli the globe fets out, t the time of 
the motion exprefled in feconds, m the part 5f a 
diameter or number of diameters of the globe which 
it woDld dcfcribe with the velocity V in the time t, 

and 
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and T the time in which the globe with the velo- 
city V would in vacuo dcfcribe a fpace which is to 

^ 2-_ as d toV; and then the part of the velocity 
'3 
dcflroved by the refiftance of the medium, will te 

r^. — y; the remaining part of the velocity will 

be ~ r ; and the fpace dcfcribed in the medi- 

... ... , ,8D'd - "] mP\ 

nm m the time t, will be — j- y, Log. i + *^\ 

X 2. 302585093. 

For Sir Isaac Newton has proved, that the 

part of the velocity which is deftroy'd by the refif- 

Vt 
tance of the medium in the time t, n ^ ■; that 

VT 
the remaining part, is Pp-r- ; and that the fpace 

dcfcribed in the time t, is TV x Log. -^^f x 

2-302585093^ But by conftrudion^ T is a$ 

--777, and V is as ^^. And therefore, by fpb- 
3/V t ^ ^ ^ 

ftituting -jrr and — inftead of T and V in the fore- 
going expreffions, the part of the velocity d^royed 
by the refiftance of the medium in the time t will 

be o A > the remaining part of the velocity 
will be 8^^-- — ^, and the fpace defcribed in the tim« 
t will be — - X Log. 1. + tj. x 2.30258505 !j, 

CoR* I. If the denfity of the globe be equal 

to the denficy of the medium^ that is, if d be equal 

A a 4 to 
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to ^, the velocity deftroy'd by the rcfiftance of the 

mV 
medium in the time t, will be -j--; — . 

y -^ m 

This Corollary will obtain, if the globe and the 

medium be pcrfcully denfc or void of pores ; for by 

being intircly void of pores, they will have equal 

denfities. And fuch a globe moving in fuch a me^ 

diuni the length of 3 times its diameter, will lofe 

mV 

above half its velocity -, for if m be 3, will 

y + in , 

oV 
be^— And this will always be the velocity loft in 

moving three times the length of the diameter, 
when the globe and the medium have equal denfities. 

Cor. II. If a globe in moving through m 
times its diameter in a fluid medium lofe the n part 

of its velocity -, then will n z: g^— ^ — -, d zi 

J" X m — nm ^ -?dn , 8nd 

8 > i — 1 and m zi — ^^ — ^ — -, 

\n ^ ^ m — nm 3^^— 3nJ^ 

For -n : — nV; whence n ^=^ 



J <r + m — nm ^ ^dn j 

d iz 5" — j^ zz — =- , and m — 

yn m ^— nm 

8nd 



3^ — 3nJ^' 



ExAMP. I. If a globe lofe ?^ of its velocity in 
moving the length of 10 times its diameter in wa- 
ter, in which cafe n will, be ^, m will be 10, and 
S" will be I ; then d will be 4> that is, the globe 
will be denfer than water in the proportion of 5 
to 4. 

ExAMP. II. If a globe 10 times as denfe as 
water, lofe ^ths of its velocity in moving 10 times 
its diameter in a fluid ; the denfity of that fluid 

will 
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will be 8 times as great as th^ denfity of water. 
In this cale d is 10, m is 10, and n is 4 ^ and 

J", which is equal to — , is 8. 

^ m — nm 

Ex AMP. III. If a globe twice as denfe as water, 
lofc ^ths of its motion by moving in a fluid 14 
times as denfe as water ; it will fuffer this lofs of 
•velocity in moving the length of ly D. For in 
this cafe d, J^, n, are 2, 14, 4 > ^"^ m, which is 

equal to -^-^^ will be I zi i|. 

ExAMP. IV. If a perfeftly folid globe move 24 
times the lertgth of its diameter in a perfectly folid 
medium^ it will lofe 9 pares in 10 of the velocity it 
had at the beginning of the motion. For in this 
cafe d is equal to cf , and m is 24 ; and n, which is 

equal 

E?CAMP. V. If a globe of equal denfity with 
water, move half the length of its diameter in air, 

it will lofe the — ^ part of its velocity, on fup- 

pofition that the denfity of water is to the denfity 
of air, as 860 to i. For in this cafe, d, J, m, are 

860, I, 4 > ^nd n, which is equal to 7-7 j, will 

be 



4587T 



ExAMP. VI, If the earth moved round the 
fun in a fluid medium of equal denfity with the air 
at the furface of the earth, it would by the refiftanci 
of the medium lofe almofl: all its motion in loooo 
years, on fuppofition that the denfities of the earth, 
of water, and of the medium^ are 5, i, y^, or in 

decimals 
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decimals 0.0011628. PttV the earth moves in iti 
orbit with a velocity that carries it at the rate of 
4893938782791 miles, or 61714234^ times th^ 
length of Its own diameter \vt 10000 years^ on fup- 
poGtion that the fun's horizontal parallax is lo^ 
&conds. In this cafe therefore d> tT, m, are 5, 
C.0011628, aiKl 617142343; ind confequently n, 

which is equal to »7V~a» will be a ^rrj^^^r^ 

part, which is nearly the wholct of its prcfent ve- 
locity. 

By the French meafures, a degree of a gr^at 
circle of the earth contains 342366 Paris feet, or 
565403.3158 Engiifi) feet, on fuppoBtion that a 
Paris toot is to an Englijh foot, as 11 42 to 1070. 
And confequently the diameter of the earth, fup- 
pofing the earth to be fpherical, will be 41870881 
Eftgltfb feet, or 7930 miles. The mean diftance 
of the fun from the earth, reckoning the parallax 
at lOYfeconds, is about 19644.2675 femidiameters 
of the earthy or 77889520.6375 miles; confe- 
quently the circumference of the earth's orbit is 
489393878.2791 miles, which the earth defcribe^ 
. jn one year, or ^95581 61.6 fccohds of time. 

ExAMp. VII. If the earth move in an /Eiber 
700000 rarer than the air at the furface of the 
earth, it will lofe about -rVh part of its prefcnt 
velocity in 10000 years-, for in this cafe,d, cT and 
m, are 5, 0.00000000166, and 6171423435 and 

confequently n, which is equal to ; , j; will be 

equal to a ^^^^^xh part, that is ^ih part 

'of the prcfent velocity very nearly. 
' And if the earth moves looooo year« in this 
JEther^ it will lofe almoft half of its prcfent motion 
in that time* 

Examf. 
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£xAMi». VIII. If we fuppofc the e^rth to lofe 
the T^^th part of its prefent velocity by moving in 
-an ^therial medium tor 40cx)oo years, in which 
time it will have defcribed 24685693680 times its 
diameter, the denfity of the medium will be above 
too millions of times lefs than the denfity of the 
air at the furface of the earth. For in this cafe d, 
n, m, are .5, o.oi, 24685693680, and confe- 

quenily /, which is equal to -^ -, will be 

* > "^ ^ m — nm 

. 2iIi333J3 «__.^!__. But the 

5x4438836743.2000000 i8336oot)oooo 

denfity of water being 1, the denfity of air is x\^\ 
^nd confequently, the denfity of the air at the fur- 
face of the earth will be to the denfity of this mt- 
4ium^ as above 2132O00Q0 to i. 



Of the Motion «?/ Wheels over Obftacles. 

Pr B, IV. If a wheel moving on an horizontal 
plane J meet mtb an immoveable obftacleinifswaf^ 
tH)& wbifh if ds to he drawn by a force j^xed to its 
center \ if the weight m4 diameter of the v^heelp tbi 
height of the objiacle^ and the. direiiion of the force 
drawing the wheel, be all known i thence to determine 
ibe force that isfuficient to dratv the wheel over tie 
lO^acU* 

Let G P ME be the wheel, ND the horizontal pi. ,|. 
plahc on which it moves from N towards D, E F Fig.i. 
the obftacle over which it is to be drawn i lee the 
vfheel arrive at the obftacle, and touch its top E ; 
and there let it be fuppofed to ftaod preffing the ht>- 
rizontal plane at G with its whole weight. Draw 
OEK a tangent to the wheel in the poi^ic £, draw 
,thc diameter ACG perpendicular to the horizontal 
plane, and produce it till it meet the tangent in O ; 

frook 
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from E draw tlie radius EC; draw EH parpen 
cular to AG ; and mr, MC, perpendicular to E 
and confequently parallel to the tangent OK ; a 
laftly, draw the radius Cm ; if the whole weight 
the wheel be exprefled by CO, in the direction 
which line that weight adls when the wheel is whol 
fupported by the horizontal plane at G, that weigj 
may be refolved into two others CE and OE, ad 
ing according to the directions of thofe lines, th 
weight CE prefling ag^iinft the top of tKe'im 
moveable obftacle, and being wholly fuftaiped b] 
it, and the weight OE drawing the wheel down i^ 
a direction parallel to the tangent OEK. Let \V 
denote the whole weight of the wheel, r its radius^ 
.h the height of the obftacle, and x the part of the 
whole weight which draws the wheel down in a 
direftion parallel to OEK ; and then we (hall have 
this analogy; as x is to W, fo is OE to CO, or 
HE . to CE, from the fimilarity of the triangles 

CEO, and CEH^ whence x := ^^"^ ; but HE 

from the nature of the circle, is equal to 
VaHxHG, or to V AHxEF, that is, in 
fymbols, to ^/^x\i — hh*, and therefore x = 

— : . A force juft equal to thi? 

weighty and afting in direO: oppofition to it, that 
is, drawing the wheel upward in the direftion CM 
parallel to OK, will juft be able to make the wheel 
reft on E the top of the obftacle, without fufFering 
any part of its weight to reft on the horizontal 
plane at G. This force muft be increaled to pro- 
duce the fame cfFeft, if it a6t in any other diredtion 
than that of CM. For let it draw the wheel in 
the direftion Cm, m lying between E and M, and 
then the forcd afting in this direftion may be re- 
folved into two forces, which will be as Cr and rm, 
whereof Cr draws the wheel directly againft E thp 
• 9 top 
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'^P^^^top of the obftacle, and fo is loft, and mr draws 
^ ^yi up in a direftion parallel to OK. But mr is lefs 
^pthan Cm or CM, and to become equal to ic, and 
i|? confequently fufiicient to fupport the wheel againft 
'"^"^the top of the obftacle without fufFering any part of 
.\ its weight to reft on the horizontal plane, it muft be 
™f increafed in the ratio oi Cm or CM to rm, that is, 
^^ ^. putting s^for the fine of the angle which the direfti- 
^^» ^} on of the force makes with CE, in the ratio of r to 
s; but the force rm cannot be increafed, but the 
whole force CM muft be increafed in the f ame pro- 

portion. And therefore the force 

muft be increafed in the proportion of r to s, and 
then, putting F for the force-, afting in the direc- 
tion Cm, which is juft fufEcient to fupport the 
wheel on the obftacle without fufFering it to prefs v 

on the plane ND, F zz ^ ; and 

the fmalleft addition to this force will make it draw 
the wheel over the obftacle. 

Since the refiftance given by the obftacle, is equal 
to the force that is juft fufiicient to make the wheel 
reft on the obftacle without fufitring any part of its 
weight to prefs on the plane of the horizon, that 
is, putting R for the refiftance given by the obfta- 
cle, fince R is equal to F j R will be equal to 
W X v'lrh^hh 



It is to be obferved that the direftion of the 
force muft lie between CE and CA; for if the 
xbrce draw the wheel in the direftion CE it will be 
wholly fpent upon the obftacle, and not in the leaft 
contribute to draw the wheel over it •, and if it 
draw the wheel diredly upwards from C to A, it 
will not make it to prels againft the obftacle, and 

confe- 
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conlcqucntly, however great, wc may fupf>ofe it t0 
be, can never draw It over it* 

Cor. L If the diredkion of the moving fqrcc 
change continually, paffirtg from CE to CM„ ftn4 
thence to CP, the fine of the angle which the \in^ 
of dircdtion makes with GF.^ will increafe in thp 
paflage of that line from CE to CM, and decreafe 
in its paflage from CM to CP; bat as s increases 

Or leflens, ^"^^ — will Icflcn or increafc % 

and confcquemly the force F will leflen in the paf- 
lage of the line of its direction from CE to CM^ 
and thence increafe in the paflage of that line to 
CA. So that the force will be leaft when it ads in 
the ^diredipn CM, in which cafe the whole force 
wiil be employed in drawing the wheel pver the 
obftacJe ; whereas in ^1 other directions, part of the 
force will be loft by drawing direftly againft th€ 
top of the obftacle. Hence the moft advantageous 
diredtion of the force, will be that which makes a 
right angle with CEi in which cafe s will be equal 

to r, and F z: • . .. X . 

r 

CoR. Il, If the height of the obftacle be given^ 
in which cafe h will be as i, and the force draw the 
wheel in thp dire flion C M parallel to OK j theft 

t? -11 L Wx\/2r— t 

F will be as — • 

r 

If the radii of four wheels be i, 2, 3, 4, theii 
^ill ::^EEl^ be I, A A ^, that is, as thtf 

numbers looo, 866, 745, 661 j and the forces 
requifite to fupport thefe wheels on the point E, io 
as. not to fuffer any part of their weight to reft on 
the horizontal plane, will be as their weights multi-* 

plied 



ii^ m 
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plied into thefe numbers refpeftively. The force rc- 
quifue to fupport the firft wheel, wil^be as its weight 
raulriplied into 1000, the force requifue to fupport 
the fecond wheel as its weight multiplied into 866 ; 
and fo of the reft. And if the weights of all the 
wheels be equal, the forces nccefliry tb fupport 
them, and confequently the refiftances given by 
the obftacle to which thefe forces are equal, will be 
as the numbers 1000, 866, 745, 66 f. So that 
in wheels of a given weight, the leflcr the wheel is, 
the greater will be the refiftance which is given to 
it by an obftack of a given height. 

CoR. III. If the height of the obftacle btf in- 
definitely fmall and given, in which cafe the tan- 
gent OK will coincide with the horizontal plane 
ND, and the point E coincide with the point G; 
and if the force draw the wheel in a direftion pa- 
rallel to OK or ND ^ then will F be as W x — ; 

r 

W 

or, becaufc 2 is a given quantity, as — ; and if 

the weight of the wheel be given, F will be as 
I 

If the radii of four wheels of equal weights be ii. 
2, 3, 4, and the wheels be drawn on a fiiK>oth plan< 
parallel to the horizon-, the forces ncceflary to put 
them in motion, when they draw in direftions pi- 

ralM to that plane, will be as 1, ^— , -— , — -v 

v'a •s v^4 

that is, as the numbers 1000, 707, ^77, 500. 
Aod therefore, of whecj* drawn on tht plaftc 6r 
the horizon by forces ading in direftions parallel » 
* to tliat plane, leflcr wheels will require a greater 
force to put them in motion than greater, 

Cor/ 
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Cor. IV. If the height of the obftacle be pro- 
portional to the radius of the wheel, and if the 
force draw the wheel in a direftion parallel to OK; 
,../•,, J T7 u "W'X\/2rb — hh 

that IS, if h be as r, and F be as i 

then will the force, and confequently the refiftance 
given by the obftacle, be as t he weig ht of the 

wheel;for:^^^^E^willbeas^^^ that is, 

r r 

as I ; and therefore F will be as W. 

Cor. V. If the diredlion of the force drawing 
the wheel be parallel to the horizontal plane, that 
is, if mC be parallel to ND -, then will the force 
that is requifite to fuftain the wheel on the point E, 

be — ^ — ^-c" — • For in this cafe the angle 
r — h ^ 

mCE is equal to the angle CEH, and confequently, 

their fines are equal, that is, s is equal to CH, 

which in fymbols is r — h. And therefore F, which 

^,, . Wx v'arh— hh . . I. r 

univerfally is as ^ , is in this cafe as 



Wx\/2 rh— hh 

. ;rh • 

If the height of the obftacle be given, in which 

cafe h will be as i, then will F be as ^^A/2r-i^ 

r— I 
If the radii of four wheels of equal weight, be 
ij 2, 3, 4', then will F with refpeft to thefe 

four wheels, be as — —2 — ? — Z that is, as in- 
o I 2 ' 3 ' 

finite, 1732, 1128, 882. The height of the ob- 
ftacle is equal to the radius of the firft wheel, inaf- 
much as I have fuppofed them both to be as i; 
and confequently the force muft be infinite to make 
the wheel reft againft E, and hinder any part of 

iu 
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its weight from prefling on the horizontal plane 
at G. 

Cor. VI. The force, is' to the weight of the 
wheelj as the fine of the angle ECH, is to the fine 
of the angle which the line of direftion of the force 

makes with EC ; that is, L = V ^^^- ^\ 

If the force be one half of the weight of the 

wheel, that is, if F be one half of W, •2rh — hh 

will be one half of s j if P beequal to W, y'zrh -— hh 

will be equal to s; and if F be as W, '•2rh — hh 
will be as s. 



Of the Motion of Water through Orifices and 
Pipes. 

Pros. V. TJ? determine the motion of water 
running out of a bole made in the bottom of a ve£iL 

Sir Isaac Newton has given a general folution 
of this Problem in the following paragraph, which 
is contained in prop, ^6. prob. 8. lib. 2. 

" Sit ACDB vas cylindricum, AB ejus orificium PI. ik 
" fuperius, CD fundum horizon ti parallelum, EF ^ig* 2. 
** foramen circulare in medio fundi, G centrum fo- 
" raminis, et GH axis cylindri horixonti perpendi- 
" cularis. Et finge cylindrum glaciei APQB ejuf- 
" dem efle latitudinis cum cavitate vafis, et axem 
*< eundem habere, et uniformi cum motu perpetuo 
*' defcendere, et partes ejus quam primum attingunc 
" fuperficiem AB liquefcere, et in aquam converfas 
" gravitate fua defluere in vas, et cataraftam vel 
" columnum aquae ABNFEM cadendo formare, 
«* et per foramen EF tranfire, idemque adequate 
" implere. Ea vero fit uniformis velocitas glaciei 
*' defcendentis ut et aquae contiguse in circulo AB, 
B b " quani 
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*^ quam aqua cadendo et cafu fuo defcribenda altf- 
" tudinem I H acquirere poteft ; ct jaceant IH et 
** HG indiredtum, ctper pundum 1 diicatur refta 
" KL horizonti parallela et latcribus glaciei occur- 
*' rcns in K et L. Et velocitas aquae efflucntis 
*' per foramen EF ea erit quam aqua cadendo ab I 
" et calu fuo defcribendo altitudinem IG acquirere 
" poteft. Ideoque per theoremata Galil^sx wit 
" IG ad IH in duplicata ratione velocitatjs aquae 
*' per foramen effluentis ad velocitatem aquse in 
*' circolo AB, hoc eft, in duplicata ratione circuK 
•* AB ad circuUim EF-, nam hi circuli funt reci- 
•' proce ut velocitates aquarum quae per ipfos eo* 
^ dem tempore et asquali quantitate, adaequaie 
'• tranfeunt. De velocitate aquar horizontena verfus 
^' hie agitur. Et motus horizonti parallelus quo 
** partes aqua^ cadentisa4 invicem accedunc, cum 
^ non oriatur a gravitate, nee motum horizonti 
" perpendicularem a gravitate oriundum mutet, 
*< hie non confideratur. Supponimus quidenfi qyod 
** partes aquae aliquantulum cohaareiK, et per cor 
** hsefionem fuam inter cadendum accedant ad in- 
*' vicem per motus horizonti parallelos, ut unlearn 
'^ tan turn cfForment cataraftum et non in plures 
*^ cataraftas dividantur : fed motum horizonti pa- 
'<^ rallelum, a cTohajfione ilia; oriundum, hie non 
" confideramus.'* 

.This "fbeory Sir Isaac corrcfted by e^fperiments^ 
proved it in fix different cafes, and drew feveral 
corollaries from it. The reafon why a correction 
was neceffary will be fhewn in the Schalium^ And 
the truth of his and other corollaries Bowing from 
this theory, will more eafily appear by expreffing 
the foregoing proportions of the velocities in fymv 
bols ; to do which let A denote the are^^ of the 
circle AB, a the area of the hok EF, H the hne 
HG, which is ihe perpendicular height qf the water 
in the veffei above the hole, x the height IH, from 
which water or any other body mult fall by the 

force 



Digitized by V3OOQIC 



through Orifices and Pipes. 377 

force of gravity from a ftate of reft, to acquire the 
velocity of the water in AB, V the velocity of 
water in its paffage through the hole EF, and v its 
velocity in the furface AB j and then the propor- 
tions will be thus exp reflcd, H + x . x : : V* . v* : : 
A*, a* \ whence, VH x x . Vx : : V . v : : A . a. 

CoR. I. The height from which a body muft . 
fell to acquire a velocity equal to the velocity of the 

V *H 
waiter in the furface AB, is equal to y^_^^ -, or 

* ^J~L^. For by interfion and divifion of pro- 
* A. * •— • a * 
portion, x . H : : v» , V» — v* : : a* . A* — a'j 

whence x = yj^^ - = XT^' But x denotes I H. 

V*H a*H 

And therefore IH = ymTT = a*— a* • 

GoR, II. The perpendicular height of the 
wate r in the veflel, denoted by H, is equal to 

IHxV*_v* IHxA* — a* , ^^^ ^ 
— or ^- , by Cer. i. 

Cor. III. The height from which a body muft 
fall, to acquire a velocity equal to that with which 
the. water flows through the hole, is equal to 

V*H A*H 

^a_yx > or A^ITa"^- ^^^ "^y <iivif»on of propor- 

tion,H + X = IG . H : : V* . v* : : A* . A*— a% 

whence IG =: ;^^— ^ ~ j^—^. 

CoR. .IV. The perpendicular height of the 
water in the veflel, de noted b y H, is equal to 

IGxV»— V*. IGxA*— a* . n ^ 
yp, , or to -J-;, , by Ccr. 3. 

B b 2 CoR,, 
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Cor. V, If the area of the furface be equal to 
the area of the hole, H will be nothing in compa* 
rifon of IH and IG which will be equal, t'or if 
A be equal to a, H will be nothing, by Cor. 2. and 
IH and IG will be equal and infinite, by Cor. 1, and 
Cor. 3. . . 

Thetruth of this Corollary may likewile appear 
from the nature of gravity. For if A be equal to 
a, V muft be equal to v. But V can never be equal 
to V while there is any acceleration of the motion of 
the water in its defcent thro' the veflel, as there 
will always be till H becomes. nothing in com'pari- 
,fon of the equal lines IH and IG, which in. this 
cafe mcift be confidered as infinite, 

CoR. VI. If a be greater than A, in which cafe 
A* — a* will be negative, H will be negative, by 
Cor. 4 •; and IG, and ^onfequently V, will be affir- 
mative, by Cor. 3. But a negative perpendiculaf 
height of the water in the veflel, and an affirma- 
tive velocity of the water flowing through the hole, 
require an inverfion of the veflel or a turning of its 
bottom upwards ; . by which inverfion the hole will 
become, the upper orifice, and the upper orifice the 
hole 'r a will become A,, and A become a -, and 
the velocity will be affirmative, that is, the water 
will move downwards, as it ought to do from the - 
nature of gravity. Farther, wl>en a is greater than 
A, the veflel will be conical with its wider end 
downwards; but from the nature of gravity, water 
poured in at the top or narrower endof fuch a veflel, 
will defcend in a cylindrical column, which will not 
fill the bafe^ as the foregoing account of this mo- 
tion requires ; and therefore, to give this cafe the 
conditions required, there muft be an inverfion of 
the veflel. 

Cor. VI L If the hole be fmall, and the fur- 
face of the water infinitely large, both a and v may 

be 
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be confidered as p with refpedt to A and V \ con- ' 
fequently IH will be o, by Cor. \. and IG will be 
equal to H, by Cor. 3. 

In this cafe, and this only, the fuperficial parts 
of the water have lio velocity at the very beginning 
of the motioa, but begin to defcend from a ftate 
of reft, as quiefcent bodies do when the fuppott is 
taken away. In all other cafes, in which a and v 
have fome magnitudes when compared with A and 
V, the fuperficial parts of the water fet out with 
fome velocity, and do not begin to defcend, on 
the water's beginning to flow throu^ the hole, as 
heavy bodies near the furface of the earth begin to 
defcend from a ftate of reft. 

Cor. VIII. If the ratio of the furface to the 
hole be given, as it will be when each of them con- 
tinues the fame, or when both of them change in 
the fame proportion; the velocity in the furface 
will be proportional to the velocity through the 
hole, and both will be proportional to the velocity 
which would be acquired by a body in falling 
through a height equal to the perpendicular height 

' • . A . V 

of the water in the veflel. If — be given, — will 

a ° V 

toe given ; and confequently v will be as V. And 

fince — is given, -r , and -— - — ^ , will both be 

a ° * A — a»' A* — a^' 

given •, and confequently both IH and IG will be 
as H, by Cor. i, and Cor. 3. But v and V are as 
v^IH and /IG. And therefore, both v gnd V will 
be as /H. 

By this Corollary^ when A and a continue inva- 
riable, ^nd the heights of the water in the veflel 
are i, 4, and 16 feet; the velocities in AB and 
pF will be as i, 2, and 4. But bodies placed at 
fmall diftances from the furface of the earth, do all 
/begin to defcend with the fame velocity very nearly, 
B b 3 as . 
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as has been proved by experiments. And there- 
fore the fuperficial parts of the water, in this c^, 
begin to defcend in a very different manner, or 
with very different velocities from that with which 
a heavy body placed at thofc 'heights, begins to 
defcendYrom a ftate of reft. The velocity in ABf 
is regulated by the velocity in EF, and the vc- 

A 
locity in EF is always mcafured by ^H, when -^ 

IS given. 

Cor. IX. The velocity of the water in i;he fur- 
face AB is always the ^ part of the velocity thro! 

the hole, that is, v i$ the — part of V, or in other 

aV 
words, v =r -^. When a is nothing in prc^ortkni 

to A, as we may fuppofe it to be, when a is very 
fniall, and ^ is exceedingly great, then will v be no 
fenfible part of V, that is, it will be nothing -, and 
confequently, the fuperficial parts of the water will 
in this cafe begin their motion, as heavy bodies do, 
from a ftate of reft/ ^ " ' 

Cor. X. The whole motion of the defccnding 
column AMEFNB, is equal to the motion bf a 
Cylinder of water, whofe bafc is a» whofe altitude 
is H, and whqfe velocity is V, that is, to the mo- 
tion aH X y. For Va is equal to vA, that is, the 
motion of the water in EF is equal to its motion in 
AB-, and from the nature of the defcending co- 
lumn, each of them is equal to the motion in any 
feftion of the column parallel to EF or AB ; and 
confequently, the motion in all the feftions, fuppof- 
ing them to be indefinitely many, that is, the whole 
motion of the defcending column, will be equal to 
the motion in the hole multiplied into the number 

of 
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cjf feftioTis, that is, to Va x H, or aH x V. This 
property has been proved by Dr. Jurin. 

Cor. Xt. The force which can generate rfi'e 

^^^vhole riiotion of the water running out of the hole, 

is equal to the weight of a cylinder of water whofe 

ibafe is a, and altitude is ilG, by Cor. 51 ; that is, 

equal to the weight of a cylinder of wat^r, whofe 

A* 
magnitude is 2aH x atztT* ^^^ ^^ ^he fame 

time, in which the water running out is equal to this 
cylinder, this cylinder, by falling from the height 
I G by the force of its gravity, wilj acquire a velo- 
city equal to that with which the water runs out. 
But when the quantities of matter and velocities of 
two bodies are equal, their motions, and confe- 
quently the forces which can generate j:hofe mo- 
tions in equal times, will likewife be equal. And 
therefore the force which can generate the whole 
motion of the water running out of the hole, is 
equal to the weight of a cylinder of water whofe 

A* 
Magnitude is 2aH x TtlT^' 

GoR. XlL The weight of the defcending co- 
lumn ANiEFNB is equal to the weight of a cylin- 
der of water, whole bafe is a, and whofe height is 

^ ' , that i3, whofe magnitude is 2aH x . ■ . 

For let 10 be a mean proportional between IH and 
IG, and then\/lH . v^lG : : IH . lO : : lO . IQ 
: : a . A; and by divifion of proportion, HO . IH 
: : OQ . 10 ; and by alternation and compofition, 
HO-f OG . 2HO : : IH+IO . ?IH : : a+A . 2a. 
3ut, by Cor. 11. in the time a drop of water falls 
by its own gravity from I to G, the quantity of 
water difcharged by the hole will be equal to 
a X 2IG, or A x 2IO; and in the time the drop 
B b 4 defcends 
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defccnds from I to H, the quantity of water paffing 
through the furface AB, and difcharged by the 
hole, will be equal to A x 2IH, and the difference 
of thefe quantities, namely A x 2HO, will be the 
quantity difcharged in the time the falling drop de- 
fcends from H to G, which quantity is the column 
A M E F N B -, for in the time the drop defcends 
from H to G, the fuperficial parts of the water, 
fctting out with the velocity of the drop at H, and 
defcending freely and without refiftance, will reach 
the hole. And therefore, all the water in the vef- 
fel will be to the water in the column AMEFNB, 
as A X H is to Ax ^HO, or as H = HO -f OG 
to 2HO; or as a + A to 2a -, whence, putting Q^ 
for the quantity of water in the defcending column, 
A X H . Q^ : : A 4- a . 2a •, and confequently^ 

This Corollary may be proved in another manner, 
thus. The cataraft is the difference of the two 
hyperboloids KAMEFBL and KABL, fuppofing 
the afTymptote KL to be infinitely extended both 
ways, and the area A B to be infinite; but by 
fluxions, as Pr. Jurin has fhewn, the hyperbo- 
loid KAMEFNBL is equal to 2a x H + x, or to 

^ — ^, becaufe H is equal to — ^f^ ^ by Cor. 2 5 
a a 

and the hyperboloid KABL, is equal to 2 Ax, and 
the difference of the two is — 2 A x z: 

" ^^^^ . All the water in the veflel is AH 

a 

A*x— a.*x 

or, by fubftituting — — j in the room of H, 

A 3 V - A a.* X 

1 -; and cpnfequently, the water in the 

veffcl is to the water in the cataracSl:, as 

A^x 
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A^x — Aa*x. ^ 2A*x— 2Aax , ^ . - , ^ 

r IS to , that IS, after due 

a* a ' ' 

rcduftion, as A + ^ ^s to 2a. THerefore AH . Q^ 

A 

: : A + a . 2a : whence, O zi 2aH' x -7 . 

* ^ A + a 

Cor. XIIL The weight of all the water in the 
^effel, is to the weight of that part of it which is 
fuftained by the bottom, as the fum of the circles 
AB and EF is to their difference. For, fince 
Ax H . Q^: : A + a . 2a, by Cor. 12. A x H. 
AxH — Q^::A + a.A4-a— 2a=iA — a 
by divifion of proportion. 

Cor. XIV. The Weight of the water which the 
bottom fuftains is to the weight of the catara6t, as 
the difference of the circles AB and EF, to twice 
jhe lefTcr circle EF. For AxH. Q^: : A -|- ^ • 2a, 
by Cor. 12. And by divifion of proportion, 
A X — Qj Q^: : A + a — 2a = A — a . 2a. 

Cor! XV. The weight of water which the 
bottom fuftains, is to the weight of water perpen- 
dicularly incumbent thereon, as the circle AB, is to 
the fum of the circles AB and EF. For the weight 
of water which tlie bottom fuftains is A x H — Q^ 
2aHA , ^ A»H - aAH 

= A"~A+7' by C.r. 12. ATr~^ 

and the weight perpendicularly incumbent on the 
bottom is A — a x H = A H — aH. But 

^-H-aAH . AH — aH : : A* — aA . A*— a* 
A'~"a 

; ; A . A -f" ^ by dividing by A — a. 

Cor. XVI. The quantity of water in the de- 
fcending column is to the quantity perpendicularly 
incumbent on the hole, as twice the circle AB, is 
to the fum of the circles A B and E F. For the 

quantity 
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quantity of water in the ddbending column is 
2aH X T — . But 2aH x r-r- . a H : : 



A + a A + a A + a 

I : : 2 A . A 4. a. 

Hence, when a is nothing, as we may fuppofe it 
to be when A is infinitely great, the defcending co- 
lumn will be equal in magnitude to 2aH, as Dr. 
Juitm has (hewn it to be by determining it3 mag^ 
nitude by fluxions. 

Cor. XVIL The weight of the defcending 
column, is to the weight of water which can gene- 
rate the whole motion of the water running outof 
the hole, as the difference of the circles AB and EF, 
is to the greater circle AB. For, putting F for the 
force or weight which can generate the whole mo- 
tion of the water running otrt of the hole, and fup- 
pofing Q^to denote ^the weight of the defcending 
column, we Ihall have F equal to the weight of i 
quantity of water whofe rtiignitode is 4 a H x 

A* 
— — -^, by Cor. ii. and Q^eqpal to the weight 
A — ~a 

of a quantity, whofe magnitude ia 2aH x -t — > 

by Cor. 12. and therefore, Q^. F : : zaH % 

A „ A* A . - 

-rr-— . aati x -7— — 7 : : I . •* — ^ : : A — a . A. 

A+a A*— e* . A — a 

Hence Qj=: j-^, and F == ^^ \ ainj con* 

fcquently, the fonce which can gemjra^ the whofc 
motion of the water running out of the hoie, will 
always exceed the weight of the defcending co- 
lumn, except when a becomes p, ^ vre may fop-* 
pofe it to do, when it is very fmalli and A cxcec4- 
ingly great. 

Cor. XVIII. The force, which can generate 
the whole motion of the water running out of tfe 

, hole, 
3 
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Iiole, is to the weight of water perpendicularly in- 

Icumbent on the hole, as twice the Iquare of the 

greater circle AB, to the difference of the fquares 

of the circles AB and EF. For the force which 

can generate the whole motion of the water run- 

* / . A* 

ing out of the hdcj is the weight of 2aH A - ^^ ■ 

^quantity of water, by Cor. 11. and the weight of 

water pcrpendiailarly incumbent on the hole, is the 

A* 
weight of the cylinder aH. But laH x ^^ ^ , 

aH : : 2A* . A*— a*. In the fame ratio is the 
whole motion of the effluent water to the motion . 
of the water in the catarad. 

Con. XIX. If in the middle of the hole be PL u. 
placed a little circle PQ^ parallel to the horizon,, ^ig-3» 
whofe center is G, and if the area of this circle be 
called o ; the weight of water which it fuftains dur- 
ing the efflux of the water through the ring fur- 
f-ounding k, is to the weight of half the cylinder 
oH, as a to a — io •, if R denote the weight fuf- 

oH 
tained, R is to — , as a to a — io, and R is equal 

te-22 — , For if we fuppofe A to be contratdted 
2a — o ^^ 

till it becomes equal to a, in which cafe IH will be 
infinite,, by Cor. i. the water, notwithftanding this^ 
will defcend about the column PQH which the 
little circle fuftains with velocities, which are every 
Where in the fubduplicate ratio of the diftance from 
KL, and like wife m the reciprocal ratio of the fe^ 
yeral fe(5Uons through which it pafles ; confequent- 
\jy the cataraft AEPHQf B, is equal to the dif- 
ference of the two hyperboloids PEAKLBFQH 
and AKLB. But the hyperboloid PEAKLBFQH 
zi2a — 20X H4-x:= 2aH-^2oH + 2ax — 20Xi 
and the hyjperboloid AKLB is 2ax j and the diffe- 
rence 
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rcnce of the two is 2aH — 20H — 20X, which is 
the cataraft AEPHQFB. The ratio of all the 
nvater in the veflel to this annular cataradt, is 

TT 

-e vj . But from the nature of the mo- 

2aH— 20H— 20X 

tion of the defcending water, a is to a — o, a| 



2aox — oox 



VH + X. i/x, whence H zz — . The 

' •^ ' a* — 2ao+oo 

foregoing ratio^ when this value of H is fubftituted 

in its room, will, after due redudion, become ■ 

, 2a — 20 

Therefore aH, the whole quantity of water ia the 

veffcl, is to the annular cataradl, as 2a— o to2a— 20-, 

whence the annular cataraft is > which 

2a — o 

being fubdudtcd from aH, leaves for the 

o 2a — o 

quantity fuftained by the little circle o. Confe- 

quently, R n ; and R. — : : a. a — I 0. 

^ ' 2a— o 2 



SCHOLIUM. 

Upon examining this motion by experiments, 
Sir Isaac Newton found the velocity of the water 
in its paffage through the hole to be lefs than it 
ought to be, if the water in the veflel defcencjed 
from the furface to the hole freely and without re- 
fiftanre, in the proportion of i to J2. For he ob- 
lerved the vein of the effluent water, and found it 
to contraft and grow narrower, to the diftance of 
about a diameter of the hole below it, at which 
place he mcafured the dfiameter of the vein, and 
found it to be lefs than the diameter of the hole in 
the proportion of 21 to 25, and confequently, the 
area of a feftion of the vein at that place to be lefs 
than the area of the hole, in the proportion of 441 

to 
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to 625, that is, of I to y^ 2. But as the vein con- 
tra£ts the velocity incredfes. And therefore, at the 
diftance of a diameter of the hole below it, the ve- 
locity will be greater than in the hole in the pro- 
portion of -y/ 2 to 1. If IG be four feet or 48 in- Pl. n. 
ches, and the dianrieter of the hole be i inch, i ad- ^'^S- 2* 
ded to 48 will make the height from the place where 
the velocity is greateft to be 49 inches; and if the 
velocities of the defcending column in the hole and 
that place, were truly meafured by the fubduplicatc 
radios of thofe heights, as they would be if the wa- 
ter defcended freely and without refiftance, they 
would be nearly equal, being as the numbers 69 
and 70. And therefore, the velocity of the water 
in the hole is lefs than it would be if it was propor- 
tional to -y/IG, in the rais<f of 1 to -y/a. This dir 
minution of velocity can be owing to nothing but 
the lateral motion of the defcending water, retard- 
ing its perpendicular motion downwards, and mak- 
ing it lefs than it otherwife would be, in the faid 
raiio of i to -y/ 2. Hence^ the velocity with which 
the water flows through the hole is very nearly 
equal to the velocity which a body, by falling 
freely and without refiftance from a ftate of reft at 
I, would acquire in defcending through ^IG. For 
the velocity acquired in falling through 4-IG, is to 
the velocity acquired in falling through IG, as 
I to y 2. 

According to Sir Isaac Newton, a body fall- 
ing in vacuo from a fmall height above the furface 
of the earth, will defcribe 1934. inches, or i6|. feet 
in one fecond minute of time, and will have acquir- 
ed a velocity at the end of the fall, which being 
continued uniform, would, carry it through twice 
that fpace, that is, 386^ inches or 32-^- feet, in an 
equal time. But uniform velocities are as the 
fpaces defcribed by them in the fame time, and the 
velocities acquired by al>ody falling in vacuo through 
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A»H 
the fpaces 16^, and GI or ^ , arc in th* 

fubduplicate ratios of thofc fpaces ; and therefore 

32^. V : : v^i6^. s/ ;^ic:^»- Whence, V= 8.02 773 

^ A^rr**'^^^' ^ 96-33^76 ^^A^H? *'*^'^^' ^^^ 
leffcning thefc meafures of the velocity of the water 
flowing through the hole, the ratiooi i to/ 2, that is, 
dividingeach by i.4i4,we (hall have Vz:5.6773 196 

• -r- feet, zz 68.1278352 v/ -T- — - inches. 

Thefe arc the true meafures of the velocity of the 
water in its paflage through the whole \ which ve- 
locity is therefore fuch as carries it at the fat^ 

A»H 
of 5«6773i96 ^ JJZZ^ ^c«» ^ 68.1278352 

A*H 

V T : inches, in a fecond minute of time. 

A*— a* ^ 

Thefe expreffions may be Ihortened, if A be con- 

A*H 
fiderably greater than a, for in all fuch cafes ~ — 

will be fo nearly equal to H, that ■ _ ^ may fac 

fafcly rejcfted ; and then the foregoing meafures of 
the velocity will become 5.6773196 /H feet, or 
68.1279352 y/ H inches. To fliew the troth of this 
by an example, let A be 100 fquare inches, and 

a I fquare inch, and then -^ will be — j 

^ A»— a^ ^999 

if H be four feet cm- 48 inches, — ^ — - will bfe 

- 9999 
48.0048 inches, which is only greater than 48 by 

48 parts of an inch divided into loooo. The ex- 
cefs is fo fmall, that it may be fafcly rcjcfted. 

Another true meafure of the velocity of the water 
flowing through the hole, will be had by dividing 
the quantity of water difcharged, by the area of the 

hoie 
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hole and time of the difcharge, taken together; the 
quantity of water difcharged being exprefled in cu« 
bick inches, the area of the hole in fquare inches 
or parts of a fquare inch, and the time of the dif- 
charge in feconds. Let (^denote the quantity dif- 
charged, d the diameter of the hole, and t. the 
time of the difcharge, and then V will be meafured 

by -^ z: — TToZir: inches, which will be the 
^ at 0.785398 1 6dH 

^Ipace defcribed in one fecond of the time. 

This meafure is- equal to the former, that is» 

o.7853^i6dn = 68.1278352 • H;' and eonfc 
quently, Q^= 5^.5oy4.y64.d^WH cubick inches; 
or i3555.227d*tv'H grains; becaufe a cubick 
inch of water weighs 253^ grains. If W denote 
the weight of water difcharged, then will W z: 

i3555-32^*^^H grains. 

In order to know, whether the velocities of 
water flowing through circular holes of different 
diameters, when placed at the fame perpendicular 
diftance from the furface of the water, be all equal; 
what rebtion the velocity of water flowing through 
a hole, bears to the velocity of water flowing 
through an horizontal pipe of an equal diameter, 
inferted into the fide of a veflTel at an equal per- 
pendicular diftance from the furface of the water ; 
and under what circumftances the meafure of the 
velocity laid down in my Animal (Economy obtains ; 
I fay, in order to know thefe things, I caufcd a 
proper apparatus to be made, and from the ex- 
periments made with it, I compofed the following 
Tables. 



Table 
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The firft Table contains, in the firft column, un- 
der r, the time of the difcharge infeconds; in thefe- 
cond column, under H, the perpendicular heights of 
the water above the hole in London feet; in the third, 
the diameters of the hole in parts of an inch; in the 
fourth, under W,'the weights of water in grains, 
which ought vphave been difcharged by thfe theory 
or foregoing rule-, in the fifth, under w, the weights 
of water in grains which were difcharged by expe- 
riment, each weight being a mean taken from five 
or fix experiments; and in the fixth column, un- 
der ^, the ratio of the weight difcharged by ex- 

periment. 
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pcrimcnt to the weight which ought to have becit 
difcharged by the theory. 

Thq fecond Table confifts of three pafts, and 
each part of three columns. Xhe firft column of 
each paFt comakis^ the diaBf^ter of the pipe in! 
parts qf an mch ; the fecand coAt?i»s,the'lengthsj 
of the pipe i?| the terms of the diameter, beginning 
with' the hoky v^hich may be confidercd as a pipe 
of an infinitely fmall length e xprefied by o ; and 
the third colamn contains the weights in grains 
difcharged in ten fcconds, eachr weight being ai 
mean taken from particular experiments. The 
holes and pipes were all at the pierpendicular diA 
tancc of four feet from the furface of the water, fo 
that iiere t v/sks ro feconds, and H four feet. 
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Table IV. 



The third and fourth Tabled confift each of two 
parts correfponding to different perpcndkukr heights 
of the water in the veflcl, and different diameters of 
the pipes. In both Tables, H denotes the per- 
pendicular height of the water in the veffcl above 
the pipe in feet; 1 the length of the pipe in inches^ 
W the weight in grains which ought to be difcharg- 
ed by the firft Propofitioii of my Animal (Economy -, w 
the weight in grains which was difcharged by expe- 
riment; and -^ the ratio of the weight difcharged 

by experiment to the weight which ought to have 
been difcharged by that Propojition. The diameter 
of all the pipes in the third Table was ^ of an 
inch, and of all the pipes in the fourth Table t\ 

5 '^ -of 



Digitized by VjOOQIC 



through Orifices and Pipes; 393 

bf an inchr And the time of the difcharge was lO 

ftconds in ill the experiments of both Tables. 

The quantity or weight of water which ought to 

be difcharged by tlie firft PropoJiHon of the Animat 

(Economy^ may be thus found* I there proved, 

that the velocity of water flowing thro* a pipe, is 
p 

as v'-rr. But if the force which can generate the 

motion of water flowing through a pipe lying pa- 
rallel to the horizon, be equal to the force which 
can generate the motion of water flowing through 
a hole of an equal diameter with the pipe, when 
placed at an equal perpendicular diftance from the 
furface of the water j F, by Cor. 1 1. of this Problem^ 
will be as 2d*H, on fuppofition that the ^r^jof th^ 
hole is extremely fmall in comparifon of the area 
of the furface of the water. And therefore the ve* 
locity of water flowing through a pipe lying parallel 



AdH 



to the horizon, is as v^ -y The weight of water 

difcharged, is as the orifice of the pipe, the time 
of the difcharge, and velocityj taken together; 

- JTT 

that is, as d*tv'— p. And therefore, W is as 



A pipe of -TT of ^^ i^ch in diariieter, ^nd i inch 

in length, difcharged 2180 grains of water in 10 

feconds, when it was inferted into the fide of the 

veflTel at the perpendicular diftance of two feet from 

the furface. Iii this cafe therefore, d, t, H, 1, wer^ 

2dH 
0.1, 10, 2, t; andd*t\/— ,-was equal to 0.06326. 

Hence we may find W in other tafes by this ana* 

idH 

logyj 2180 : 0.06325 : : W: d*tv'-y-;whcnc<i 
^ = 48746.3d*tv''-p grains*. 

C c a la 
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In the firft part of the third Table, W is 51^,. 

and in the firft part of the fourth Table, ^^^\, 

and W in the fccond part of eaxrh Tabic is one half 
of W in the firft part. 

Observatiovs on the TablesI 
Obs. I. fiy the firft Tabte the dil'diargrs by e»* 
periment are nearly proportional to the difdyarges' 
by the theory, that isy w is nearly propomonal to 

W, or ris- is nearly the fame, whatever be the dia- 
W ' 

meter of the hole, f>rovided the tinne of tlie dit 

charge, and the perpendicular? height of tire waDsr 

in the v,eflcl above the hole, be gBV?«i. The dif- 

charges by experiment were all fometirixig' larger 

than the difcharges by the theory, which might be 

partly owing to the pouring^ in of the water at the 

top of the veffel, in order to keep the ve^ cons 

ftantly full during the time of the dilcharge; for 

the pouring, tho' it was done gently, miglit a little 

increafe the velocity wherewith the water ran out of 

the hole, 

Obs. II. By the fecond Table, the weight of 
water difcharged, and confequently the velocity, m- 
creafes from the hole till the length of the pipe be- 
comes equal to about twice its diametery that is, 
tilH becomes equal to about 2d, and is greater there 
than at any other length of the pipe. The greatcft 
velocities in thefc pipes in proportioa to the veloci- 
ties through their refpedVive holes, are as the num- 
bers 1130, 1258 to 1000. 

Obs. III. From the length of twice the diamev 
ter, that is frorn the length 2d, the velocity leflens 
continually on incrcafing the length of the pipe, and 
becomes equal to the velocity through the hole 
when the length of the pipe becomes erjttaJ to about 
22.3657d\/d inches. For, by the fecond Table, 

the 
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the velocities of the water flowing through the 
pipes, were' nearly equal to the velocities through 
their i:efpej6tfeve holes, when the lengths of the pipes 
were lod, i:6d and 2.3d, .that .is .2 inches, .'6.4 inches, 
and i8.4inches. But 2, ^.4, and 1 8.4, are nearly as 
X, 2.S, and 8, theifefquiplicate ratios of c, 2 and 4, 
atid J, 2 and 4, are as the diameters ^^ -^ and ^V 
<And thenefore the velocities of the water flowing 
through the pipes, were nearly equal to the veloci^ 
ties ithrough their refpedive holes, when the lengths 
of the pipes were in the fefquiplicate ratios oi their 
dianaeters. The diameter of the fraalleft pipe be- 
ing ^^ of an inch, dVd is 0.0894 ; and if d be of 
any other magnitude, and 1 be the length of a pipe 
of that diaoaeter through which the water flows 
with a velocity equal to that with which it flows 
through its correiponding holcj, we fhall have this 
proportion-, as 2 is to 0.0894, fo is 1 to dVd, 
whence 1 zz 22.3657dVd. 

Obs. IV. By the third and fourth Tables, the 
quantity of water difcharged by experiment in pro- 
porcion tio the quantity which ought to have been 

difcharged ,by the theory, that is =rr, increafes gra- 
dually tiU the pipe comes to be of a certain length-, 
and after that it decreafes gradually on increafing 
the iength of the pipe. In the two parts of the 
third Table this ratio was greatefl:, when the lengths 
of the pipes in inches were about 20 and 10, and it 
was greateft in the two parts of the fourth Table, 
when the lengths of the pipes were 81 and ^6. But 



w 



from the courfe of the numbers exprefling ^ in 

the fecond part of the fourth Table, I think this 
ratio would have been greater in a pipe of 40 inches 
in length, than in the one I ufed of 36, and there- 
fore fliail fuppofe that it would have been greateft 
at the lengths ef 8 1 and 40. Confequently, put- 
ting X for the length of the pipe in inches, at which 
C c 3 this 
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this ratio is grcatcft, x will be as ^/H when d is 
given, and as d* when H is given, and when nei^- 
ther d nor H is given, as d*VH. Hence we may 
form a rule for finding the length of the pipe, at 
which this ratio (hall be a maximum \ for it was a 
fnaximum in a pipe of -^ih of an inch in diameter, 
when its length was 20 inches, and the perpendicular 
height of the water in the veffel two feet. In this 
cafe therefore x, d and H, are 2p, o.i, and 2, 
and d^i/H is 0.014^4; and in other cafes, x may- 
be found by this analogy, as 20 is to 0.01414, fo 
is X to d^i/H-, whence x is equal to i4i4d*vH. 
To fee whether this rule be univerfal, and obtain in 
pipes of greater diameters, and at greater diftances 
from the furface of the water, I fliall fuppofe d 
and H to be 0.5 and 3, as in our Author's Table 
p. 227, and then i4i4d*v'H will be about 600 
inches or 50 feet, which length is twice as great as 
it was in reality -, for the ratio was a maximum by 
that Table, when the length of the pipe was 25 
feet ; fo that the value of x here determined 
feems to obtain only in pipes pf fmall diame? 
ters. 

pBS. V. By the third and fourth Tables, the 
quantity difcharged by experiment in proportion 
to the quantity which ought to have been difr 

charged by the theory, that is r-, does not differ* 

much in pipes whofe lengths are within certain li- 

mits. ™, m the pipes, whofe lengths were 6 

and 32 in the firft part of the third Table, is lefs 
jhan in the pipe where this ratio is a maximum^ in 
the proportions of ioq to ji2 and no, and the 

difference of ^77 and the maximum is ftill lefs in 

pipes of all other lengths between 6 and 32 ; fo that 

\ in this part of the Table, 6 and 32 are thp limits, 

^t ar^d within which there is a near agreement bc- 

. . ' /' twecf^ 



Digitized by V3OOQIC 



through Orifices and Pipcs.^ 397 



w 



tween theory and experiment. ™ in the pipes 

whofe lengths are 4 and 16 in the fecond part of this 
•Table, is lefs than in the pipe where this ratio is a 
maximum^ in the proportion of about lop to 109 
and 108, and it is ftill lefs in pipes of all other 

lengths within thefe limits. And ,^ in (he pipes 

whofe lengths are 9 and l54 in the fecond part of thp 
fourth Table, for the pipes were not carried to 
fuch lengths as were neceflary to fettle the limits in 
the firft part, is lefs than the maximum in the pro- 
portion of JOG to 118 and 120 ; and it is ftJU lefs 
in pipes of all other lengths within thefe limits. 

Obs. VL By the third and fourth Tables, the 
quantity of water difcharged by experiment always 
exceeds the quantity which ought to be difcharged 
by the theory -, it was near double within the limits 
of the firft part of the third Table and fecond part of 
the fourth, and greater in the fecond part of the third 
Table in the proportion of 57 1 3 to 3858. If we fup- 
pofe it to be double within the limits, in pipes of all 
lengths, then will w beequalto 2W,or t0 97492.6d*t 

y — grains, W being equal tp 48746.3d*t\/-5 

srains, as was fliewn above. 

Of the Foci of Optick Glaflcs. 
Prob. VI. IfthediJianceofanobjeSfromadoubk 
convex lens whofe furf aces are fpherical \ if the radii of 
both thefphericalfurfacesj the thicknefs of the lens, and 
the fines of incidence and refraStion^ be all given •, tbenc^ 
to determine the dijiance behind the lens of the principal 
focus or coticourfe of the rays iff uing from the objelt an4 
falling perpendicularly^ or very nearly fo^ on that fur- 
face of the lens which is turned towards the object. 

Let MN be a lens^ E and c the centers of its pi^ ,,. 
fphcrical furfaces MCN and MDN, Q^an objeft pig. 5* 
C c 4 placed 
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placed dircftly before the Unsy Qq a line drawn 
from the objeft perpendicular to the furfaccs of the 
Uns^ and coai'equently pfifTiog through the centers 
e and E \ let the point A be iodcfrnitely near to C» 
in which cafe QA and QC niay be looked upon as 
• equal ; let <^ be \!c\t,fccus or concoqrfe of the rays 
QA and QC afcer the firil refradion by the furface 
MCN, and z their /7fr/j or concourfc after the fc- 
cond refra»5tion by the furface MDN. Put D for 
,QC the diftance of the objeft from the ims^ r for 
the ra^us CE, f for the radius eD, x for Dq, the 
diftance oixkit focus behind tlie Icns^ after the firft 
refradion^ and z for Dz its diftance behind the 
lens after the fecond refradion ; and laftiy, let I and 
R denote the fines of incidence and refradtion of the 
rays palling out of air or any other medium iiito the 
firft farface MCN, and coniequenily R and I the 
lines of incidence and refradion in .their |jafli^ o«ft 
of the fccond furface MDN into air or chat other 
medium. 
PI. II. To determine z, we m;afl: firft dcteroaine the 
Fj^. 4. meafure of x in known ternis^ to do which draw 
AR perpendicular to <^, EI perpendkular m 
QAI the incident ray produced, and ER perpen- 
cular to the refraftcd ray Aq ; and then, from the 
fimilarity of the two triangjes Q^AF and QjEj aad 
alfo of the triangles qAF and qER, and from QA 
^ being equal to QC, and qA equal to qC, we fhall 

. • . t* . QG X EI . ^ . s DI 

have AF equal to »> ' ^ - - — , or, in lymbols, to j^^ , 

by tlie two firft triangles, and by the tw^ Jail tri- 

. , Cq X Ell . ,, , . ^ - Rx 

angles, equal to -^ — ^, or, m lymbok, to —^* 

r 1 DI- . , Rx , 

Ccnfequentry, jv— , is equal to — *— and x r: 

DIr 
Dl—DR — Rr' 
PI. ti. Having found the me^fufe of xor Cq in known 
fig- S- teitns, ? or Dz iifiay be thus determined. For that 

3 nieafure, 
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meafure, that is for ^j-^^-g-^, put A, to za 

vaA qa produced draw the perpendiculars «! and eR, 
and draw am perpendicular to Qg^ And then, 
from die fimilw-ity of thetriaogfcs qam a«d qRe, and 
^d& of the triangles zatn and zle, and frcMn qa beiag 
.fsqual to qD, and za equal to zD am will be «q*iBl 
^gRxqP fj.Qjj^ ^ g^jj. triangles, and equal to 

^ii^ from die fecond. cR is the fine of inci^ 

ze r 

^nce of the ray A a falling on the fecond -furface 
MDN, and el the fine of its refraftions undrfwpre- 
fore eR will be I, and el will be R. qDis cqu4 
4J0 oC — . CD =: A --r t, putting t for CD the 
^iclnefs of the km-^ and qe is cqjual ce qC + cC 
= qC + eD — CD=: A + P — ^i confequcntly 

^ilAz! -: il. ; and from Ais equation, A = 

• ts,^^^^ • ^"* A denotes ^^^^_.^,. 
. , , ^ I^z +Rtz + Rtr-Itz _ DIr 

, And therefore * ■ j^^^R^^ii -JDI-DR-Rr* 

"By clearing z in this equation, we fliall have z .:;: 

DIRrg+RRtft+DRRtt— DIRet ,^ 

DlIe+2DIRt-BH.-l>Wr-l>K4<.t-lRri-KR«+lRM-W"w+KiK 

To give. this equation a more fimpletorm, di- 
yixJe both numerator and denominator by I— Rj 

and then the numerator will beconoe j^^ x IDr^ 
^ -^ X Rrpt— DR^, or by powing B inftoad^ 
*™t BIDr^4-Bair^— "ORgt, aid the denomi- 
nator will become IDr + IDf — ID« ^.'^^j "^ 
ftrt— Blr^j and the equation vwU be reduced to 
another form, and ftand thus; 

BIDrs+BRret— DR«t 

* ^ tor+IDs-iJPt + RDt+'Rrt-iiirs" , 

ThJi 
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This is Dr. Halle v's univcrfal I'beorem for 
finding the principal focus of rays falling .diverging 
on a double convex lensj publiQicd in the Philofo- 
pbical Tranfallions. 

If the rays inftead of falling diverging, fall pa- 
rallel on a double convex lensy as they will nearly 
do, when the objedt is at an immenfe diftance from 
the lensy D in this cafe may be confidered as infi- 
nite; and confequently, all the terms in which D 
is not found, may be thrown out oS the equation, 

. , BIDr^— DRet _ 

^^ '^^^ ^ - IDR + ID^ - IDt + RDt - 
_BIr£-«R|t 

iT+ipit+Rt- 

And laftly, if the rays fall converging on a double 
convex kns^ the figns of all the terms in which D 
is found muft be changed ; for when the rays fall 
converging, the point behind the len^ to which 
they tend at their incidence, muft be confidered as 
^he place of the objedl, which, from its being dif- 
ferently fituated with refpcft to the lens from what 
it is when the rays fall diverging, requires the Cgus 
of all the terrts in which D is found to be changed, 
which being done, we (hall have 
2— DR^t-f BRr^t— BIDrg 

« * ' ^ ^ IDt— IDr-IDc—RDt+Rrt-BIrf 

Theie are the three general theorem's for finding 
the principal /7r«j of rays falling, diverging, paral- 
lel, or converging on a double convex lens. 

If the lens be made of glafs, as lenfes ufualjy are, 
and the objeft be placed in air, then, fince the fine 
of incidence of a ray pafling out of air into glafs, 
is to the fine of refraftion, as 3 to 2, I, R and B 
will be 3, 2, and 2\ and the foregoing general 
theorems for finding xhtfoci of rays falling diverg- 
ing, parallel, and converging on a double convex 

glafs, wUl be z = —^^,^±Z^^1 _^ 

^ \ 3Dr+3D§— 3Dt+2Dt + 2rt— 6r^' 

z z= 6^^-^g^ \ and 
3^ + 3^— 3t+2t 
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— 2Df»t + 4rpt >-» 6Drp 

^ "" 3Dt -^ sDr — 3Dp -r- aDt -f art — 6rp' 
And if the r^^« be equal, and the thicknefs of the 
glafs be neglcdted, or confidcred as o, then will 

jhefe Theorems ftand thus, z '^ t\_^ > ? ^ r> and 
_ — Dr 

If the lens be a double concave glafs, the radii of 
whofe two fpherical furfaces are equal, and if the 
thicknefs of the lens be confidered as o, the radii 
will lye on different fides of the lens with refpeft to 
the objed from what they did before, and confe- 
qucntly, the figns of the radii muft be changed ; 
and then the laft Theorems^ in which the radii were 
fuppofed to be equal, and the thicknefs of theglafe 
was negledted or confidered as o, will ftand thus, 

^ ~ 5TS' 2 - — ^' ^"^ ^ -r":i- ^^ ^^^^ 

Theorems^ z is always negative when the rays fall up- 
on the double concave, diverging, or parallel, and 
when they fall converging it is negative when D is 
greater than r. When z is negative, the ^<?^«j falls 
on the fame fide of the glafs with the objcft, con- 
trary to what it does in all cafes of a double convex 
lens^ excepting that of diverging rays, when the diC- 
tance of the objeft is lefs than the radius^ or D is 
lefs than r. For in that cafe, z, which is equal to 

=^— -, will be negative. 

By this Problem we may determine how far a ra- 
^Jiating point muft be diftant from the eye, to have 
the pnncipal/<7r«j of the rays ifluing from it placed 
in the retina^ on fuppofition that the coats and hu- 
mours of the eye are unchangeable as to their fi- 
gures, magnitudes, and denfities. 

Let ABGz reprcfent a human eye, in which ABG p| , ^^ 
is the cornea^hMCi^G^ the cavity containing the pig. 6*. 
aqueous humqur, MCfJD the cryftallinc humour, 

and 
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and AMDNGz ifce cavity <soiitaioing the vitreous 
humour. ACcfi^rdiag ,to Doftor. Jitr^i, the raiii 
irf tlic iphcricaJ iwrfeccs rf thcovwrn aod-ofthe 
cryflaiHiie h»mq>ur, diat is, ^of the i^herical fiij^ 
faqes ABG, MQN, and MDN, are in lath patts 
of an inch, 3.3.2.94^.3.3081, and 3.5056; and the 
diftance of the cornea from the anterior j>art of the 
cryftalline, the thicknefs of the cry'ftailiue, -the dff. 
ttflDeei)f uhe pofteiior .part of ihaexaTifltdllinc from 
the r^/MTi?, and the jdiftaoKie nf the cornea from the 
TciincLi are in the fanhc parts dL an ioch, x.ojsS,, 
t. 8525^ t6.2J6i 7 and 9. 1 5. Lot Q^bc the radiating 
.point, jq^h^ principal focus of .the r^ by the firft 
?n&4'radrcrn lof the aqweoos hunaour, 4jy virtue of 
iiR^btch trefraiSbion they fall .converging on the}CFyiftai- 
Jm^ aol bt z^i^ac^foms after their refirad/ions 
by <Qhe.a7tn:alHne)aiid oritceous. humours. By taking 
the fpecifick gravities .of the humounofthe eye, 
1 have fouiid 4hat tlie fpecifick gravities of the 
4ujjueous and i^kreoiw h-omoorsare very ncariy equil^ 
and eadb {tnuofa the fame with that of water ; and 
that the^psJQtfick gravity of the cryftaUine is gircat- 
^r than tlie fpecifick gravity of water, in the pro- 
coition of about 1 1 to 10. For the mean fpecifick 
^gravities of iiMe icryftalline humours of .oxen^svcycs, 
and of irhreeoyftaUinc bumout^s of (beeps eyrs, wei« 
1 1 134 and 11033, the fpecifick grawy of jwater 
being iqogd, and the j mean of thefe.rwo means, is 
1 1083, which I fhall fuppofe to be the fpecifick 
gravity of the cryftalline humour of a hum^ ^ye. 
3ut the pefra6tive power of the cryftalline is very 
jxearly prj^pomionail to it's denfity, ^^and the iine-oif 
incidence of rays paffing out of the aqueous iiumour 
4Moihe o^dlailine, is to the ffioeic^ reitadion, very 
oaearly jas j2a to ao, as I fhall (hew in the Scholium. 
And confequently, J swill be 2 1^ and ;R 'wiil be ^aQ. 
Fromtbcfe dmeaforcs I now proceed to xictepmine 
the diftance Df a radiadng .point ^rom the C9rnea^ 
that is, the xltfttnce x^f Q/com^, £)as-thatthe 

focus 
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fams of xkt rays^ iffuing froin it and fofling;diverg- 
Hig OT the cornea^ nBay by fht reffaftivt powers of 
ite' aqjouous, eFyftafliiie, awd vitreocis htitnours, be 

.placcrd ta the raim at z^. By the pefraftion' of the 
aqiwavw huwiow, the rayis fal? on* the cryffaPliner 
wkh foch; a- d'^egpee of convergence as wociM htafee 
^em uniWa?t qj. Tn tfi^ umveriyr Jlft^^m^ thtrre- 
ferc for findiRg the fyrirVeipaf/w^i* oi rays friling 
coB^wiging on a double convex lenij Cq is D» Ehz 
equal to 6.261^ is z^ the r^T^Sax of MCN is^ u the 
radius oi M©N is g», CD the thicfenrefs of the cryf- 
talliue is. t> aiid I and R are 2 1 antf 20. Anrf by 
clearing D in that "Th&ora^ we lladU have. D rr 
Klrpz + BRrpt— Krtz _ . ^ _ 

Brrp^^ttx~^z~Jpz~Ii>t-Rt^ - '""'^^^^ - 
Cq. And Cq-f-BC :r fr.g^id zr Hq. 

In the ^h€6rim iot finding x, Bq is x", QB i^ D, 
I is 4, R 5, the fine of incidence of rays paf- 
fing out of aar intoj water' cfr inta the aqaeous hu- 
naour, being to the finfe of fefraftibn, as 4 to j, and 
t\it radius oi the: cornea is 3,3294 lothparts of ait 
inch; confequently, D is 57.48, that is, about 
5 inches and 3 quarters^ Sathat fupp^ing the eye: 
to be unchangeable, a radiating point placed at the 
diftance of ^^ inches^ from it, wi^I have its image 
placed in the retina. 

SCHO LIUM. 
*' Let AB reprefentthe refrafting plane furfece pi. u. 
«* X){ any bod/, and IC a ray incident obliquely on Fig. 7- 
*^ the body at C, fo that the angle' AC! may be 
^« infinitely little, and let CR be the refracfted ray. 
*5 From a given point B perpendicular to the rc- 
" frafting liirface erefl: BR meetmg the refratfted 
*^ rayCR in R, and if CR reprefenttbemrotionof the 
^ refrafted ray, and this motion bediftinguiflieJin- 
" totvvo motions CB- and BR, whenjofCB is parallel 
'^ to the refrafting plane, and BR perpendicular to 
*' it : CB fhall represent tiie motion of the incident 

" ray, 
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•• ray, and BR the motion generated by the refrad- 

** tion.'* Newt. Op/. Pr^pi 10. p. 245, 246. CBRis 

equal to the angle of incidence, and CRB is equal to 

the angle of rcfraftion ; confequently, if R be made 

the center, and ^ circle be fuppofcd to be drawn with 

the radius CR, CR will be the fine of the angle of 

incidence, and CB the fine of the angle of refra6li- 

on \ and, putting I and R for thofe fines, we (hall 

have this analogy, I . R : : CR . CB. Hence 

I*— R* CR»— CB» I» BR* ^ • 

-R^ = — CB^— ;^^ jF-^ = CB^- ^"'^ ^^^ 

motion of the ray at its incidence reprefented by 

I* 
CB, is given ; and therefore, ^ — i is as BR*. 

But by the aforefaid propofition BR* ejcpreflfes the 
refractive force, and is nearly as the denfity of the 
body; as Sir I. Newton found, by computing BR* 
from the fines I and R in feverial bodies, and then 
comparing it with their rcfpeftive denfities. And 
confequently, putting D for the denfity of the 

I* * I — -* 

body, =j — I is as D, and - as \/D + 1. In paf- 

fing out of air into water — is 4, and, the denfity 

of water being loooo, ^0 + 1 is 10004: And in 
pafling out of air into the cryftalline, whofe denfity 
is to that of water as 11083 to loooo, Vl^+i is 
10528. Therefore in paffing out of air into the 

cryftalline -^ will be ^; for 10004 . 10528 w \% 

\ l\ \ \ — i very nearly. ^ in paffing out of the 

aqueous humour into the cryftalline, will be com- 
pounded of the ratio ^ and ^ by the fccond Tbeo* 

r^wofthe 0///V^i, p. 113; and therefore — wlH^ 

be equal to 1^} or I will be to R, as 21 to 20< 

FINIS* 
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